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PROPERTIES ALD COMPOSITION OF AMERICAN COALS 


The determination and rublicetion of cata on the chemical and physical 
properties of American coals have been primary functions of the Bureau of 
Mines since its creation in 1910. 


In recent yecrs this rrogran has been exnandei to meet increasing 
needs for information on the suitability of coals for the production of 
coke, gas, and be-mrocucts, and within the last year an experimental coal- 
nvdrogenation plant has been comleted. With this addition, the Bureau 
is able to cover every vhase of coal utilization, including ccmcustion, 
carbonization, linuefaction, and complete gasification. 


The need for this information is incrensinz, not only to meet the re- 
quirements cf consumers but also to give the cata reouired to establish the 
classification and mini: sellins price of coal by the National Bituninous 
Coal Commission. 


fuel Inspection anc Coal Anslyses 


During the fiscal year, §,062 semples of coal, cole, and miscellaneous 
materials were analyzed in connection with the »urchase of coal for the 
use of the Governmeut, surveys of the national coal resources, mine safety 
investigations, and as a part of the research programs of the Bureau. 


Two automotile trucks with equipment for mechanical crushing and 
quartering of semles were used in the collection of mine and tipple 
samples. One of these trucks completed a sampling program covering 47 
mines in tne State of Alabama. Foth face samles and tinple samples of the 
various commercial sizes, as shirped, were taken. The survey included the 
determination cof coking rvroperties, fas and Ceo nae yields, friatility, 

and frindability of tne coals. 


uy, The Bureau of Mines will welcone revrinting of this raper, provided the. 
following footnote acknovledgment is used: "Rerrinted from Bureau of 
Mines Information Circular 6992." 

e/ Chief, Technologic Branch, and chief engineer, Coal Division, Bureau of 

~ Hines, Washington, D. C. 
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The other truck collected simoles at 11 mines in Ohio, 16 in Fenn- 
Sylvania, and 73 in West Virginia. 


Technical Paner 55°, "Analyses of New Mexico Coals", ,and Technical 
Parer 574, "Analyses of Colorado Coals", were pubt ish odo) and the manu- 
script for a Technical Paner on "Analyses of Fennsylvania Coals" is nearing 
completion. 


The Bureau codperated with the American fociety for Testing Haterials 
and the Americen Standards Association in developing standard specifications 
for the classification of coals by raniit/ and by erade,o/ Since July l, 
1937, all Bureseu coal araliyses are rerorted in accordance with the standard 
system of classification by rank. ‘Convenient cnarts for calculating coal 
analyses to the "mineral-matter-free" basis for the purpose of classifica 
tion have been developed sand pudlished’/. 


Origin and Constitution of Coal 


Fundamental research on the origin and constitution of coal, as re- 

led by the microscope in the study of thin sections anc. nolished sur- 
feces, has been continued in conjunction with the survey of the gas-, 

e-, and dyprocuct-making pronertiecs of Anericaon coals. Columnar serc- 


: as a 5 . : : f 
ns were examined in detail frem the ton to the bottom of the ClintwoodL/ 


3/ Analyses of New texico Coals: Tech. Pauper 550, Bureau of Mines, 1935, 
112 pps 
Analyses of Colorado Coals: Tech. Peper 574, Buréau of Mines, 1937, 327 pp. 
U/ Tentative Specifications for Classification of Coals by Rank (D 333-36 T): 
-  Froc. Am. Soc. Test. tlet., vol. 35, 1225, pt. 1, np. 812-818. 
Fieldner, A. C., Standardization of Coal Classification: Keystone Coal 
Buyers Manual, 1937, pp. 79-88. | 

By Tentative Specifications for Classification of Coals by Grade (D 389-34 1): 
Proc. Am. Soc. Test. Mat., vol. 34, 1934, pt. 1, vp. 81-842, 

Tentative wethod for Designating the Size of Conl from its Screen 
Analyses (D 431-35 T): Proc, Am. Soc. Test. Mat., vol. 36, 1936, vt. 1, 
pp. 819-822. 

Fieldner, A. C., American Strndard Sets Un Common Language for Coal: 

Ind. Standardization and Commercial Stancards Monthly, vol. 7, no. 11, 
November 1936, pp. 273-301. 

Selvig, W. A., Coal Classification, Testing, and Utilization: The 
Canadian Purchaser, vol. 15, no. 9, 1936, pp. 29, 31, 33, 35, 37, 39, 
4, 55-55. 

5/ Barkley, J. F., end Burdick, L. R., Curves for the Classification of 
Coal, Inf. Cire. 6933, Bureau of lines, 1937, 6 pages. 

7/ Fieldner, A. C., Davis, J. D., Seivig, WV. A., Thiessen, R., and cthers, 
Carbonizing Froverties and Petrozranhic Composition of Clintwood Red 
Coal from Buchsnen Mines Nos. 1 ané 2, Buchanan County, Va.: Teca. 
Paper, 570, Bureau of Liines, 1936, .34 pp. 
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Figure 1.— Ash-fusion furnaces at Pittsburgh Experiment Station. 
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Figure 3.- Types of coal and percentage of components in 
Lower Cedar Grove bed, Junior mine, Mingo County, W. Va. 
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Pittsburgh8/ , Millers Creeld/, and Lower Sunny sidelO/ beds of coal.,. 


The relative amounts of the petrographic components, fusain, anthraxylon, 
and attritus, in each layer of the coal bed were determined from this 
examination, as illustrated in figure 3. This work has shown that most 
coal beds contain from two to three tyres of coal, which differ in chemical 
and physical properties. These properties were determined by separating 
the layers of each column and subjecting them to proximate and ultimate 
analyses, agglutinating tests, and assay distillation tests for gas, coke, 
and byproducts by the Fischer method. 


Ash, volatile matter, sand fixec carbon were found to be the greatest 
variables in the different tenches. Behavior of the coal cannot be 
predicted on the basis of chemical analysis alone. Tne yields of coke and 
of tar were not constant, but usually the gas yield from bright coal was 
considerably higher than that from splint. With some exceptions (1 in 12, 
to date), bricht coals hac far higher aszlutinatins values than splint 
coals. Coxe made from sflint coal was dense, with fev cellular spaces, 
and indicated little swelling, vhereas bright-cosl coke contained many 
larve nores, anneared more frisdle, and snowed two or three times as much 
swelling as the splint. These comlete data were tebulated for possible 
statistical deductions. 


In Table 1 the coals from the gas-— and coke~making survey are ar- 
ransed according to geolozical aze. The percentaze of srlint, semisplint, 
and bright coal in eacn bec is siven. 


This arrangement shows the major importance of srlint and semisnlint 
in coals of the Pottsville series occurring in West Virginia, Virginia, 
Kentucky, and Alabama, ana the minor importance of splint coals in 
Pennsylvania, which has only three imnortant beds in the Pottsville series 
(Upoer and Lower Mercer, and Sharon). There are 56 coal beds in the . 
Pottsville series in Vest Virginia, 36 of which are of minable thickness. 


Table 2 gives the chemical anelyses of 12 srlint coals, each from a 
different bed, and for comparison a series of briskt coals from the same 
beds. 


A summary of the commarative results follows in table 4%, 


&/ Fieléner, A. C., Davis, Davis, J. D., Selvig, W. A., Thiessen, R., and 
others, Carbonizing Pronerties and Petrographic Comosition of Pittsburgh 
Bed Coal from the Pittshurgn Terininal No. 9 Mine, Washington County, Pa.: 
Tech. Paper 571, Bureeu of Mines, 1926, 33 pr. 

Q9/ Fieldner, A. C., Davis, J. D., Selvigz, 7. A., Thiessen, R., ané@ others, 
Carbonizinzg Pronerties ard Constitution of Millers Creek Bed Coal from 
Consolidation wo. 155 tine, Johnson County, FKy., and the Effect of 
Blending Millers Creek Coal With Pocahontas 3ed and Pittsburgh Bed 
(Varden Mine) Coals: Tech. Paper 572, Bureau of Mines, 1937, 50 pp. 

10/ Thiessen, R., and Snrunk, ¢. C., Origin and Petrogrsphic Composition of 
the Lower Sunnysiae Coal of Uteh: Tech. Paper 573, Bureau of Mines, 1937, 


34 pp. 
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TABLE 1. - Tynes of coals in beds, arranged according 
to age, youngest coals at top. 


s Splint |Semisplint [Brit 
sunnyside 7 Cretaceous 0 ) 100 
Pittsourzh (Edenborn mine) | Pa. Monon;;ahela a9 
Pittsburgh (Monongah mine)| Pa. | do. 8] 
Pittsburgh (Avella mine) Pa. do. 109 
Green River Ky. Lisman 10 
Illinois No. 6 T11.) Carbondale 190 
Upper Freeport Pa, oo = See Allegneny 100 
Dorothy We Va. Pottsville 17 
Chilton T. Va. do. 5p 
Upper Cedar Grove T. Va. do. | 24 
Lower Cedar Grove We. Va. do. | 63 
Tageart Va. ‘ 
Elkhorn Ky. | i 
Alma (Boone Co.) We Vad =e) 46° 3 
Alma (Mingo Cr.) " We. Va al 
No. 2 Gas 7, Va.) ; x 
Millers Creek beyey - gee ee 2 
Clintwood Ves i 
Upper Banner Va. 0) 
Sewell (Sumnerlee mine) ie Vas 3 41 
Becklev W. Va. 6 7: 
Pratt | Ala. g a 
Mary Lee Ala. 0 = 
Black Creek Ala. 0 Ie 


Note. — The exact vosition of the above three Alabama coals with reference to the 
others in this table is not known. They belone to the middle Pottsvill® 
which approximately corresponés to the position of the Alma coal of ¥- oe 
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TASLE 3. ~ Comsarison of composition of bright and splint coals 


_ splint coals 
(numter having 
_higher value) _ 


Brignt coals 
(number having 
higher value) 


Nqual 
Values 


—_— 


MOS CULT Cs wo cera is wb i) 2 wesw See ese 
DEST gd iee oso 6) area hear a wee abate 
Volatile matter. ccccccrsccccei 
HVOT OF 6s a.sie 4's Oo kien we 000 040 
CAP DON 6 .%.5 sew Siw dw ardor eww wee 8 13 1 
NI CTOPON ys é.sio sowie wee Kweew ee ee 
ORV PCNs 446s ee wees eee eee 
DULDNUY 64.0 ve si t8 Osi ss.o es ove eae 
CalOritie Vale .4i6466%680ae0% 
Softening temerature of ash. 


~ 
MUTT RNO 1M RPO NWO 


NOR N OO HF MW F 
=) 
MNMOOOOrO OC NM 


In general, splint coals have the higher ash, higher total carbon, ard 
higher softening temperature of asn; bright coals have thé higher moisture, 
higher hydrogen, higher nitrogen, higher oxyzen, and higher sulphur. 


| Volatile matter may vary in either direction and depends on the exact 
composition ef the bright or splint coals, that is, whether they are sprre- 
rich, resin-rich, etc. 


Table 4 zives the yield of coke, tar, and gas. and the agglutinating | 
values of the same series of splint and bright coals. 
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TABLE 4. — Agglutinating values and yields of coke and 
byproducts of splint and bright coals 


Percent | Yields per ton lutinating value 
by weight, of coal Sand; coal,| weight, 
foal bed ype coke Tar Gas ratio kilograms 


Gals.)|(Cu.ft.) 


chilton, W. Va..... ee are ba ae ae 
co. 2 gas, H. Yoosseeses] rH] 12.0 | 33.5 Mo 
Cie decieseasceate: ae ae tee ae 
“Sewehd, YW. Vaccccscccess | ae ae ae 9-6 
Clintwood, Va...seseeees day ee ee oe 
“Millers Creek, Ky....... oe ae sie a 
Hina, Ts Tae eeeeeeeeen (guint faim | ba] 36 
Unpar cedar Greve. W.Va: om ae ae iB 
Lower Cedar Grove, W. Ta. ae ae ely: fe 
Reckley, VW. Vasssscsecee —— sail ie ae 
sper omer, Yaessvne] GEHGNE] TRE | BS 2 
Dorothy, VW. Vasssseeee bre oy nl “se 
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A summary of the comoarative results follovs in tatle 5. 


TASLE 5. - Comparison of carbonizaticn yiel¢es of bricht anc splint ccals 


Splint coals Bright coals 
Product (number having higher vield) (number having higher yield) 
Coke .cceee g y 
Aa ons ak es 6 6 
GAS 46 s064% 1 ; 11 


The coke ond tar yield may vary in either direction, but in general 
the gas yield for bright coals is notably higher than from the snlint cosls. 


The results of agzlutinating tests are given in Table 4. 


In all cases but one the bright coals have the hirher agzlutinatinz 
velues, The one excention is the Millers Creek coal, which is the lovest 
in rons of any in the series, The bright couls from other low-rani: ccals 
also have low azvlutineting vaiues, ss, for eranrle, the fright coal fron 
Illinois No. 6 bed, wnich gave no mecsurable agelutinating velue for a lé:1 
ratio of sand to coal. 


Scolint-coel coke, from Fischer lov-terrerature assay7, in all cases 
was dense, with few cellular spaces. The coal showed little swelling. 


Bright-coal coke, from the Fischer low-temperature assay, showed an- 
proximately two to three times the swelling of coke from snlint coal, It 
contained many large pores and was more friable than the splint-—coal coxe. 


The line of attack followed in the investigation of the origin and 
constitution of coal++/ includes a study of the anatomy, structure, and 
chemistry of living plants, the transformation of living plants into teat 
through biological agencies, the composition and chemical nature of peat, 
the transformation of peat into coal, and the further transformation or 
coalification into higher ranks of coal. 


Since it was discovered tnat the recent peats, the brorm coals of the 
Pleistocene, the lignites, subbitusinovs, and bituninous coals of the 
Hocene and Cretaceous weriods were formed essentially from conifers, the 
study of the anatomy and chemistry of the living conifers and their trans- 
formation into peat was essential, and therefore was undertaken as a first 
step. 


Information was octained on tne histolory, chemistry, arrangement of 
tissues, kinds of cell contents of the plants contributing to peat, and the 
reactions of microorganisms on them and their products. The various con- 
stituents composing peat were identified on tne basis of this knowledge. 


ll/ Thiessen, R., What is Coal?: Proc, 17th Meeting Fuel ongineers, 
Apralechian Coals, Inc., January 1, 1937. 
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The nature of a peat deposit is determined larsely by the kind of 
plants, their cell contents (such as resins, tannins, etc.), and the degree 
of biological decomposition that toox place. It was found also that the 
bark and leaves are as important, or even more important, contributors 
than the woody parts. 


The waste products of the plant, such as the resins, tannins, and 
phlobaphenes, are not easily decomposed by microérganisms and have there- 
fore concentrated to a large degree in peat. The cell walls of the tissues 
containing these substances have disappeared largely, whereas the resinous 
contents have remained almost unchaneced. 


Some of the tissues, particularly those of the barx and some tissues 
of the leaves, besides enclosing dark brown cell content, are themselves 
of a dark brown color, contrasting with the light color of the woody or 
lignified tissues. In peat these have assumed a still darker color and 
are distinctly of a dark brown color in contrast to the light vellow color 
of those constituents derived from the woody tissues. | 


There is butasmall amount of colloidal matter in solution in peat 
and very small amounts of colloidal precipitates. All deposits of peat 
investigated have been found to be acid in nature, and hence peptonization 
was not possible. All colloidal solutions that may have been formed were 
drained off through outlets or through the soil upon which the deposit rests. 
Also, there are no infiltrates in the lumens of the various cells. All 
suostances enclosed in the cell walls of peat are those of the original 
natural cell contents of the tissues. No further maceration of the plant 
matter takes place after the peat mass has been buried by subsequent debris. 
Chemical changes, however, do take place as the deposit matures. Micro- 
Organisms are found at all depths of the deposit; it is certain, therefore, 
that some of the chemical changes are brought about by microorganisms. 
It is possible, however, that certain chemical changes take place through 
purely chemical action, as by alkalies or acids. 


In conjunction with tne peat studies, a brown coal from the Pleistocene 
of Washington is being studied. This coal forms an important step between 
peat and lignite; both with respect to age and coalification, it is half- 
way between the two. 


The recognition and identification of similar constituents in the 
brown coal are not difficult, after we have become familiar with the main 
constituents of peat and know their origin and the changes they have 
suffered through transformation into peat. It was found that the origin, 
composition, and general nature of this brown coal are similar to those 
of the peats studied. | 


Partly coalified remains of wood are abundant in the Pleistocene brown 
coal. These remains form important keys to various structures in coal, for 


example, the so-called "bogenstructur", the "s" structure, the dark-colored 
portions of remaining tracheids, and the granular opaque matter in coal. 
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As a logical sequence, a lignite from the Hocene at Lehigh, N. D., was 
critically studied and compared with other coals of the same geological aée. 
An interpretation of tneir constituents was then a simple matter. It was 
found that their origin and structure are similar to those of peat and tne 
Pleistocene brown coal. Through these studies an accurate interpretation 
of the bituminous coals of the Cretaceous age of Utah was possible. 


The outstanding observations made from the study of the younger coals 
are: 


lL. The remains of conifers form the major part of all the coals fron 
peat to the Cretaceous bituminous coals. 


e. Constituents derived from wood, barx, and leaves are represented 
more or less equally. 


3. The cell contents form a large part of the composition of all 
deposits. 


4, The kinds of plants that contribute deternine the type of coal 
to a large degree, but the conditions imposed upon the ceposit in early 
stages also determine its nature. For example, although the coals of the 
Eocene and the Cretaceous aves, as far as stucied, are derived essentially 
from conifers, there are imrortant differences in their structures and 
composition. Some are highly woody or anthraxylous, some are highly 
attrital, and others are scmewhere between these extremes. 


Since we have at hand a complete series of coals ranging in rank fron 
peat to high-rank bituminous coal, formed chiefly from similar plants, a 
singular opportunity is presented to learn more about the processes in- 
volved in coalification. This study has only begun and the conclusions so 
far drawn are tentative. 


There has been a nrogressive degree of compression with progressive 
coalification, but there has been no further maceration or actual efface- 
ment of structure. The fibers and cells have become more and more com- 
pressed. For this reason sections cut horizontally to the bedding plane 
reveal structure more completely than co cross sections. Growth rings 
are not at all or only tarely perceptible in the anthraxylon of the | 
bituminous coal of Utah, whereas in the fusain they are well preserved. 


The knowledze obtained througn the studies of transitions and pro- 
gressive metamorphism of the younger coals, derived essentially from one 
class of plants, is directly applicable to the Paleozoic coals of all ranks. 
It was found that conifers were important contributors to the Paleozoic 
coals and that the xylem (wood), bark, and leaves have been equally importaz! 
contributors. As in the vounger coals, cell contents, whether of wood, 
bark, or leaves, have been highly concentrated. The conifers have retainei 
their characteristics and primary structure from the older Paleozoic to the 
present. In addition to the conifers, the cycadophytes and the lvycopods 
have contributed to the formation of Palezoic coals... 
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No opportunity has been afforded to trace the cycadophytes from the 
living plant through all the stages of transition from peat to bituminous 
coal. Although recent cvcads are available for study and their anatomy and 
structure are known, yet thev differ so much from the ancient Paleozoic 
forms that they help but little. Fortunately, tney have been preserved in 
the so-called coal balls, often in the minutest detail. Recourse was, 
therefore, taken to the study of the cycadophytes through coal balls. These 
were generously sunvlied by the University of Chicago through Dr. A. C. Noe. 
Although the study is not complete, enough has been learned of their structure 
to enable recognition o* their remains in coals and to prove that they form 
an important part of many coal beds. 


In the case of the lcopods, there is little in the present living forms 
that can be used to get adequate knowledge of the ancient forms. The living 
lycopods are highly specialized plants. Fortunately, again, their minute 
structure has been preserved in coal balls and, as in the case of the 
cycadophytes, recourss was had to study of the balls. In the ancient 
lycopods, the xylem or wood was but poorly developed. The cortex, on the 
other hand, was highly developed and formed the chief support of the tree, 
which often grew to a larzse size. Of the cortex, in particular, the outer 
part was highly specialized and consisted of thick-walled, lignified tissue 
resembling wood; it is called the periderm and appears to have been highly 
resistant to decay, and tnus forms by far the larger part of the lvcopod 
remains in coal. The stem was further covered with leaf-—bases. These also 
appear to have been resistant to decay and were important contributors. 
Remains.of leaves also have contributed materially. The remains of the 
periderms and leaf tases and leaves have retained characteristic structures 
and so are easily distinzuisnable from other plant remains. 


This procedure of investigation has made it yvossible to determine the 
origin and to identify most of the constituents or components in any coal, 
provided sufficient structure of the tissues or other characteristics have 
remained. Of the conifers and the cycadophytes, the xylem, bark and 
leaves have remained in nore less equal proportions. Of the lycopods, the 
periderm has furnished ty far the larger part; leaves and leaf bases, 
however, are also prominent. 


It may be shown that certain coal beds or parts of coal beds are 
derived predominantly from one or the other of the three great groups, 
conifers, cycadophytes, or lycopods. Some consist largely of the remains 
of one with the other two as secondary constituents. Parely are the three 
represented in more or less equal proportions, and in no case has any of 
the three been found to be entirely absent. 


Observations are being made on the primary biological decomposition of 
the plant matter in the peat stages. Many cases have been observed where 
the type or subtype of a coal is probably due to the kind and degree of 
decomposition. This phase is being watched throuzhout the whole series 
from peat to high-rank coal. Through a fortunate series of transitions, 
the origin of the granular opaque De of the characterizing con- 


stituents of splint coals, was discovered 

le/ Thiessen, R., and Sprunk, G. C., The Origin of the Finely Divided or 
Granular Opaque Matter in Splint Coals: Fuel in Science and Practice, 
vol. 15, no. 11, November 1936, pp. 304-15. 
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In brief, coniferous wood, during the process of peat formation and 
further coalification, goes through a process of decay and disintegration 
of various intensities or degrees resulting in very small opaque particles. 
This granular opaque matter is the result of an advanced state of biological 
decomposition. Granular opaque matter is present in all coals, but is 
most abundant in the splint coals, where it forms one of the characterizing 
constituents together with the senitranslucent or brown matter. 


As yet, the origin of the brown matter has not been determined satis- 
factorily, but all indications are that it is derived from the dark brown 
matters already present in tne living nlant. The bark of all plants con- 
tains certain tissues, the cell walls of which are of a dark brown color 
and are filled with cark brown cell contents. These tissues are recognized 
in peat as dar!c brown and can be traced throuch all ranks of coal. 


a © + NE 


The Bureau of ifines arelutinating-value test for determination of 
coking and caking properties of coal was improved further by a study of 
various materials most suitable for use as inert material for mixing with 
the coal. Previous work has shown that sand is not a satisfactory inert 
material because of variations that occur in different shipments from tre 
same quarry. Investigation of various manufactured materials indicates 
that a commercial form of silicon carbide, namely carborundum, seems to be 
fairly uniform in surface properties. Different lots of carborundum mace 
at different times gave identical results with the same coal. As this 
material is readily available on the market, its use may solve the major 
difficulty in standardizing the agzlutinatine test method. Cooperative 
tests with otner laboratories are in progress to determine how closely 
different laboratories can cnecx« in determining agzlutinating values on 
the same coal samples. Preliminary checx results with one commercial 
laboratory showed good azreemert. 


Plasticity of Coal 


When a caking coal is heated rapidly over the range of temperature 
from approximately 400° to 500° C., it underzoes chemical decomposition, 
becoming more or less fused or vlastic, ance finally sets to form coke. 

The quality of the coke formed depends largely on the plastic properties of 
the coal and, accordinsly, numerovs forns of apparatus have teen devised 
for measurement and study of these properties. 


The results of about 400 tests of the plasticity of Pittsburgh and 
Alma bed coals mace with a specially designed precision instrument snow 
that tne truly plastic properties of these coals are ve transient, the 
life period being of the order of 1 minute at 4WG0° G.13/" | 


2 = ee ee 


13/ Griffin, E. %., and Storch, FE. H., Apparatus for Precise Plasticity 
Measurements at Yish Temperatures. Data on Coal Plasticity: Ind. 
and Eng. Chem., Anal. Zd., vol. 9, 1937, vp. 280-286. 
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Figure 4.— Bright high-volatile A coal. 
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Figure 5.— High-volatile A coal containing 
splint. 
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Figure 6.— Low-volatile and medium—-volatile coals. 
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Figure 7.— Oxidized or preheated high— 
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Measurements of deformations proportional to the load were obtained 
at 4109 C. Analysis of these data indicates that the deformations are 
elastic rather than plastic in character. Measurements on the defornation 
of tne solid plus oily bitumen (ottained by benzol extraction) of Pittsburgh 
bed coal at 120° C. show that this is a truly plastic material. However, 
this precision instrument does not seem suitatle as yet for the practical 
evaluation of the plastic properties, and most of the Burcau experiments 
have been made with the Tavis plastometer. 


Pesults with the letter instrument have led to classification of coking 
coals into five sroucs havinz significantly different plastic properties. 
Figures 4 to 8, inclusive, show representative plastic curves for these 
grouns. The coking property apvears to depend to a considerable extent 
on the fusibility cf the coal and particularly on the character of the 
rezion of hizhest flvidity as illustrated by the part of the curve from 
430° to 460° C. in fiewre 4. This coal is too fusible (becomes too fluid) 
for production of coke of the best quality. It will produce a strong lovw- 
temperature coke, but when coxed at hizh temperatures it has considerable 
tendency to finger and cross-fracture, and a small, weak coke with large 
cells results. Coals of this tyne are characterized as strongly shrinking. 
The quality of the coke can be improved by tlending with a coal such as | 
that to which the plastic curve shown in fisure 6 applies, and the plasticity 
of the tlend will be intermediate between plasticities of the constituent 
coals. That is, the blend coal curve will start at a higher temperature 
than that shown in figure 4, and the fluid range will be shorter and the 
Minimum torque higher. Figure 5 shows the plastic curve for a high-volatile 
A coal containing splint. Such coals are less fusible than the type 
illustrated in figure 4: they also shrink less. The coke usually shows a 
fairly high snatter index *ut is lively to be abradable. The coking prover- 
ties can be improved ty blending these coals with low-— or medium-volatile 
coals. Fisure 6 applies to strongly coking coals of medium- and low-— 
volatile rank. Fisure 7 shows the type curve produced on mild oxidation 
of a high-volatile brisht coal ee The same type of curve can be 
produced by prolonged heating in the pre-plastic range. The effect of 
toth methods of pretreatment is to reduce the fluidity of the coal-and 
raise its softening temperature; and the coking properties of the coal 
aré improved, provided treatment does not go too far. Certain blends give 
plasticity curves of this type. Figure & shows the type curve obtained 
from high-—volatile coals of low coking rank on heating them rapidly through 
the plastic range. At tne normal rate of heating they do not become 
plastic. Qualitatively, at least, this result is confirmed in coke-—making 
practice; it is known that such coals must be coked ranidly if a good coke 
is to be obtained. Sucn a curve may also be obtained from low-volatile 
coals near the semi-anthracite rank. These coals do not contain enough 
volatile matter to produce a well—fused coke; here again, if coking is 
too slow, a coherent coke is not produced. 


Preliminary papera on the plasticity of coal have been publisheal4/ 
and a comprehensive bulletin on this subject is being prepared. 


Brewer, R. E., and Atkinson, R. G., Plasticity of Coals-—-Its Measure- 
ment and Relation to Quality of Coke Produced: Ind and ung. Chem., 
Anal. Ed., vol. 8, no. 6, Nov. 15, 1936, pp. 443z—lLug, 

Atkinson, R. G., Brewer, R. E., and Davis, J. D., Characteristics of Coal 
Plasticity: Ind. and Eng. Chem., Ind. Ed., vol. 29, 1937, pp. Su0-suy, 
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COAL MINING 


‘The Bureau's work dealing directly with coal mining is conducted in 
the Technolozic and the Health and Safety Franches. 


Tne Technologic Branch conducts research anc collectsengineerinz data 
on mining, ventilation, explosives (including their permissibility and use), 
the movement of strata, the wermissibility anc efficiency of electrical and 
mechanical equipment, the mechanism of the ignition and propagation of gas. 
and dust explosions and the development of means for their prevention, and 
the source of mine fires and methods for their early detection and control. 


The Health and Safety Eranch maintains a field force that conducts the 
training of miners and other worers in the mineral industries with reference 
to such matters as safe practices, mine rescue methods, and procedures for 
controlling mine fires. It educates operators and workers in the improve- 
ment and maintenance of healthful conditions, and in the extension of the 
use of safety devices, permissible explosives, and approved equipment. This 
branch cooperates in rescue work at disasters and in fighting mine fires, 
and it sends representatives to places where major accidents, fires, or 
explosions have occurred to investigate and develop information that may be 
used by the Bureau in its educational campaigns and research programs for 
the improvenent of nealth and safety in the mining and allied industries. 
This branch also has charge of the gas and dust laboratories of the Gén= 
tral Experiment Station, Pittsburgh, Pennsylvania. 


Experimental Coal Minel5/ 


Explosion tests were made of dusts prepared from samples of coal obd-— 
tained from the sub-bituminous coal field north of Denver, Colo., and from 
the Lower Freeport bed in Jefferson County, Pa. These tests were made at 
the request of operators or State officials following explosion disasters. 


The northern Colorado coal contains about 21 percent moisture in the 
mine and, because there had teen no explosions in the field for many years, 
it had been assumed that the cust would not cause an explosion. This 
belief was shattered by an explosion that occurred on January 20, 1936. 
Large-scale tests showed that suspensions of the dust in air are about as 
explowive as that of the Pittsburgh coal bed, but that quite strong sources 
of ignition are neceéssarv to initiate explosions. Insensitivity of the 
dust to weak sources of ignition is probably the reason why no explosions 
occurred in the field for so many years. : 


The coal from the Lower Freeport bed in Jefferson County, Pa., ranks 
close to the borderline between high-volatile and mediun-volatile bituminous 
coals, and large-scale tests showed that its explosibility is essentially 
the same as would be predicted from its composition and tests of similar coals. 


15/ Greenwald, 4H, P., Bureau of Mines Celebrates Twenty-fifth Anniversary 
of Its Dxperimental Coal Mine: Steel City News, vol. 6, no. 2, 
December 1°36. 
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Tests were made also to determine the explosibility of dust collected 
from the exhaust air ducts of a vehicular tunnel. These dusts collected 
rather slowly during the regular course of operation of the tunnel, and 
vivsical and chemical examination showed them to be a heterogeneous mixture 
of ordinary air-borne dust and material that wears from automobiles passing 
through the tunnel. Larre-scale tests showed that this dust is nonexplosive 
up to concentrations of 0.2 ounce per cubic foot of air space, which is 
approximately six times times the quantitv that accumulates in the ducts 
per year. Regular cleaning of the ducts will eliminate any explosion hazard 
tiat may attach to tnis dust. 


From time to tise as demand arises, demonstrations of the explosibility 
of coal dust, of means of preventing mine explosions, and of extinguishing 
small mine fires, are conducted at the expcrimental coal mine. These tests 
usually are made in cooperation with the explosives testing station and are 
for the benefit of mining men and others who may have a particular interest 
in the work. Five such demonstrations were held during the fiscal year 
before a total of 2,200 visitors. The last of these, on June 12, was by far 
the larzest and was attenied ty approximately 1,550 miners and officials 
from the Panhandle district of West Virginia. 


The total nunber of visitors at the mine during the vear was approxi- 
mately 2,550, of whon 11 were from Canaca, Englanc, France, Germany, Italy, 
Japan, and Russia. 


The experimental coal mine provides a number of services to the Bureau 
in addition to researcn and educational work. Most important of these 
during the year was the provision of neans for training new personnel of 
the Sefety Division in rescue and recovery work and in fighting mine fires. 
A full-scale explosion vas run and the men were required to recover the 
mine and either rescue or recover the bodies of hypothetical men trapped 
by the explosion. The entire work was conducted just as it would have to 
be done at an explosion in a commercial mine. In addition, arrangements 
were made so that a larre fire could be byilt safely in one of the passage-~ 
ways and tne men were required to find this fire and bring it under control. 
Tne fire was sufficient!y inaccessible to require sealing. This section 
is prepared to render similar service to the industry on request under a 
form of agreement that nas been drafted to cover such cases. 


Movement of Cozl-Mine Roof 


Studies of the movement of roof during prozress of coal mining were 
carried on in one mine vorking in the Pittsburen coal bed and in another 
working in the Thic Freesort ted, both in the vicinity of Pittsburgh. 
Instruments were designed to measure and record such movement accurately. 
seOlogical conditions are considerably different in the two cases. The 
mine working the Pittsburzh coal bed has a hard floor, and the immediate 
roof consists of a number of thin and weqgx beds of coal and shale having a 
total thickmess of about 8 feet. Above this is a hard massive sandstone 
nearly 50 feet thick, tne total overburden being about 300 feet thick. It 
was found that this sandstone is the chief factor in movements of the mine 
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roof. At times, relations of roof movement to variations in the method and 
rate of minirs could be traced, also. 


The mine working the Thick F-eeport bed has a fireclay floor several 
feet thick, and there are no hard massive strata over and close to the coal, 
Tne total overburden is about 200 feet thick. As a result of the softer 
nature of the strata, the behavior of the roof was different and movement 
was of greater masnitude. Also, there was decided upward movement of the 
floor in passageways close to the rib line. This movement was the result 
of plastic flow of the fireclay ard could be measured long before it became 
evident to the senses. Flastic flow of the strata is more important in 
tnis case than with the risid sandstone described above; in consequence, 
element movement is more lixely to occur along the rib lines during idle 


periodslo/ 
Coal-Mining Methods 


Two engineers of the Mining Division of the Eureau devoted all their 
time to the study of mining methods and costs at individual mines or groups 
of mines in order to acquaint coul operators generally with improvements in 
practice developed locally end to increase operating efficiency and promote 
safety and conservation in the mining of coal. 


Studies have been completed and publications issued or in preparation 
are on "Shaft and Slope Bottom Lay-outs at Coal Mines" 17/ "ining Methods 
Used in the Grundy Coal Field of Fuchanan County, Virginia" ,18/ and "Some 
Aspects of Strip Mining of Bituminous Coal in Central and South Central 
States."12/ the latter publication is based upon studies of 18 stripping 
operations. 


Field work has beer started on concentrated, multiple-shift, mechanized 
coal mining in Wyoming, West Virginia, and Kentucky. The ground work has 


16/ Maize, E. R., Studies of Roof Movement in the Pittsburzh District Con- 
ducted by the Bureau of Mines: Proc. Coal Mining Institute of 
America: 1935~19%6, op. 123-132. 

Discussion of Charles T. Holland's Paper "Pillar Deformation in a 
Bituminous Coal Mine", by H. F. Greenwald. This will appear ina 
forthcoming A.I.M.E. volume. 

Greenwald, H. P., The Fhysics of Subsidence and Ground Movement in 
Coal Mines: Journal of Applied Physics, vol. 8, no. 7, July 1937, 
pp. 462-469. 

17/ Anderson, Robert L., Shaft and Slope Bottom Lay-Outs at Coal Mines: 
Inf. Cire. 6949, Bureau of Mines, 1937, 39 pp. 

18/ Toenges, A. L., and Anderson, Robert L., Mining Methods Used in the 
Grundy Coal Field of Buchanan County, Va.: Inf. Cire. 6928, Bureau 
of Mines, December 1936, 43 pp. 

19/ Toenges, A. L., Anderson, Robert Bb., Some Aspects of Strip Mining of 
of Bituminous Coal in Central and South Central States: Inf. Circ. 
6959, Bureau of Mines, 1937 (in press). 
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been laid for an analysis of methods, distribution of labor, and the effect 
of mechanization upon efficiency, recovery of coal, safety in working, and 
roof control. 


Fires in Anthracite Mines 


Studies of the origin of fires in anthracite mines and their extinction 
have been continued. Analysis of the records of 1/0 mine fires and investi- 
gation of underground conditions lead to the following conclusions: 


1. The largest number of fires are caused by explosives used in 
mining. Two other important causes are surface fires and revival of old 
fires. In general, zas explosions have not caused major fires except under 
abnormal gas conditions. 


2. It is estimated that fires in the anthracite mines of Pennsylvania 
to date have cost the operators at least $50,000,000, in terms of present- 
day. values. 


3. Many fires have revived years after they were thought to have been 
extinguished. 


4, Most fires have been extinguished by direct attack in a short 
time and at a slight expense. 


5. The large number of revivals indicates the erratic success of 
indirect methods for combating fires in broken ground. Sealing has been 
unsuccessful generally, except as a method of retarding the spread of fires. 


Laboratory studies have indicated that the susceptibility to spon- 
taneous heating of combustible material found in mines increases with 
decrease of the temperature at which the rate of carbon monoxide liberation 
changes from a low rate to a rapidly increasing rate. This temperature, 
arbitrarily designated as the "carbon monoxide inflection point", is defined 
as the temperature at which the percent CO-time curve has a slope of 45 
degrees. The ignition temperature is defined as that at which the time- 
temperature curve begins to depart from a straight-line heating curve. 


Tests of 16 samples of coals and partings of the top split of the 
Mammoth vein anthracite, taken near a mine-—fire area at Locust Gap, Pa., on 
two Washington subbituminous coals, suspected of heating spontaneously, and 
on a Colorado subbituminous coal, known to heat spontaneously, showed that 
the average"carbon monoxide inflection point"of anthracite (376° C.) was 
considerably higher than that of Washington subbituminous coals (220° C.) 
and the Colorado subbituminous coal (140° C.), known to ignite spontaneously. 
Extraneous combustibles, such as wood, paper, and brattice cloth, had "carbon 
monoxide inflection points" ranging from 170° to 2609 C. Hence, these 
adventitious materials in anthracite mines, rather than anthracite itself, 
should be considered danzerous sources of spontaneous fires. 


This investigation has given further proof that the presence of carbon 
monoxide in mine atinospheres must be regarded as indication of the existence 
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of fire in the mine or at least of elevated temperature wnich may lead 
to fire. 


The presence of hydrogen also indicates the existence of yet higher 
temperatures, since hydrogen in the laboratory tests was not evolved from 
oxidized anthracite until temperatures of 700%to 350° C. were reached. 


Further details of this investigation are given in a Bureau of Mines 
Information Circular (in press), containing the annual report of the 
Explosives ey ee of the Bureau of Mines for the fiscal year 1937, and 
on two papers<U published in the technical press. 


Permissible Electrical Equipment 


Determination of the permissibility of electrical equipment for use 
in mines is one of the major continuing projects of the Bureau. The duties 
of the testing laboratory for this worx at the Central Experiment Station, 
Pittsburgh, have besn increased from year to year owing to the rapid growth 
of mechanization in coal mines. The past year has been a busy one; approvals 
were issued on 9 coal-cutting machines, 13 loading machines and conveyors, 
1 drill, 2 electric lamps, and 3 storage—battery locomotives. Two hundred 
seventy units now are on the approved list, and during the year more than 
600 changes in design in these machines were examined and approved. 


As the number of approved machines incréases, the work of examining 
changes in design increases proeportionitely. Some relief from this con- 
stantly increasing demand for approvais has been obtained by examining 
electrical accessories and testing them for suitability for usa in complete 
units, thereby facilitatins the excharge of explosion-terved cu.7partments 
among manufacturers of machniners. During the past year, 21s: cxplosion-— 
proof compartments, including four motors, three starters, sn. one head- 
light, were investigated ard "suitability" reports issued. The following 
publications were issued during the vear: 


Ilsley, L. C., Gleim, HE. J., Brunot, H. B., Permissible Fl sevrically 
Operated Air Compressors: Rept. of Investigations 330°. J: sau of Mines, 
1956, 18 pr. 

Tlsley, L. C., Hooxer, A. B., and Coggeshall, BE. J., The improved Per- 
missible Flame Scfetv Lamps: Rept. of Investigations 4412, Bureau of 
Mines, 19%6, 10 po. 

Ilsley, L. ©., Gleim, E. J., and Frunot, H. B., Permissible Electrically 
Operated Room Hoists: Rept. of Investigations 3326, FBureau of Mines, 
1937, 12 pp. 


20/ Scott, G. S., and Jones, C. W., Oxidation of Anthracite: Liberation of 
Carbon Monoxide and Its Relation to Isnition Temperature: Ind. and 
ang. Ciom., Ind, Ed., vol. 29, no. 1, 1°37, op. 1C5--8. 

Scott, G. 5., and Jones, G. W., Sisnific:nce of Low-temperature Oxida- 
tion Products in Anthracite Mine Fire Studies: Ind. and Eng. Chen., 
Ind. Ed., vol. 29, no. 7, 1937, pp. 822-826. 
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Figure 12.- Air-cleaning table. Coal-washing 
laboratory, Southern Experiment Station. 
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Hooker, A. B., Coggeshall, E. J., and Jones, G. W., Behavior of Flame Safety 
Lamps in Mine Atmospheres Deficient in Oxygen: Rept. of Investigations 
3327, Bureau of Mines, 1937, 6 pp. 

Ilsley, L. C., Gleim, E. J., and Brunot, H. B., Permissible Electrically 
Cperated Rock-Dust Distributors: Rept. of Investigations 3345, Bureau of 
Mines, 1937, 16 pp. 

Gleim, 3. J., Importance of Adequate Voltase for Distribution Systems in 
Coal Mines: Rept. of Investigations 3347, Bureau of Mines, 1937, 12 pp. 

Ilsley, L. C., Milestones in Mine-safety Legislation: Inf. Circ. 6904, 
Bureau of Mines, 1936, 12 pp. 

Gleim, EB. J., Electrical Viewpoint in a Complete Safety Survey of a Coal 
Mine: Inf. Circ. 6894, Bureau of Mines, July 19%5, 185 pp.; (Part 2) Coal 
Mining, vol. 13, no. 9, September 1936, pp. 9, 10. 

Ilsley, L. C., List of Permissible Mine Equipment: Inf. Circ. 6942, Bureau 
of Mines, 1937, 23 pp. 

Gleim, E. J., Bureau of Mines Apparatus for Demonstrating Electrical Igni- 
tion of Mine Gas: Inf. Circ. 6944, Bureau of Mines, 1937, 5 pp. 

Schedule 12B. Single-shot “testing Units: Requirements for Permissibility, 
Tests Made, and Fees Chovre<: 1936, 5 pp. 

Schedule lobA. Multivle~sno» slasting Units: Requirements for Permissi- 
bility, Tests Made, and Fees Charged: 19336, 9 pp. 


PESPSRATION OF COAL 


Coal Yashing in Alabama 


Studies on the preparation of coal at the Soutnern (Tuscaloosa, Ala.) 
Experiment Station of tne Bureau were interrupted during the past year by 
building activities. 


The allotment of $200,000 of Public Works funds permitted the con- 
struction of a new two-story and basement building, 50 by 160 feet, on the 
campus of the University of Alabama. It is equipped with complete facilities 
for coal-washing research, including crushers, screens, jigs, tables, 
float-and-sink testing apparatus, and laboratories for chemical analysis 
and physical tests of coal. These new facilities will enable the Bureau 
to deal more effectively with southern coal-washing prorlems. 


In Alabama coal is produced from thin beds that contain a rather high 
proportion of bony coal and stratified layers of other impurities, such as 
slate and shale. It is difficult to remove satisfactorily the impurities 
from run-of-mine coal ani to prepare the coal to meet tne demands of a } 
highly competitive market without a high loss of coal in the waste products .< 
During the past vear, float-and-sink separations and table tests were made 
on the minus 1/4-inch coal from a mine in the Mary Lee bed to determine 
the ash reduction and recovery of clean coal suitable for byproduct coking. 

At another mine in the Mary Lee bed a check-up was made on the washery in 


el/ Gandrud, B. ¥., and Soe, G. D., Washability Studies of Coal from the 
Henry Ellen sed at Acmar No. 5 Mine, Acmar, Alatama: Report of In- 
vestigations 3315, Bureau of Mines, November 19%6, 23 pp. 
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order to determine the most practical way to reduce the asn content of the 
minus 3/4-inch coal so that this product could be marketed as coking coal. 
The desired ash reduction in this case was obtained by deepaning the jig 
bed and passing the washed coal over a 1-1/2 millimeter slotted screen to 
remove some of the high-ash fines. These fines are nov rewashed and then 
added to the steam coal. 


Dewatering and Drving of Yased Coal 


Tae dewatering and drying of washed coal has been studied. This study 
nas consisted mainly in assembling all available literature on the subject 
and collecting data from plants in various coal fields where dewatering and 
drying are practiced most extensively. Altnough a considerable amount of 
literature has been published on this subject, both in this country and 
abroad, it consists mainly of scattered articles and rerorts appearing in 
avast number of trade journals and other technical publications. In the 
present study an attempt is being mace to prepare a fairly complete bib-— 
liography and to compile as much information as possible in the form of a 
publication that will be available to the industry in general. 


Coal Washing in the Pacific Yorthwest/2/ 


An investigation of the mechanism by which coal is separated from 
impurities by means of a full-size Baum-type jig installed in the wasnery 
at a mine was completed at the Northwest Experiment Station in cooperation 
with the College of Mines, University of Washington .& The influence of 
the two principal factors ~ size and specific gravity - was evaluated by 
making screen and specific-gravity analyses of the feed, washed coal, and 
refuse. In this wavy it was possible to determine the cisposition made by 
the jig of each size and specific-gravity component of the raw coal between 
washed coal and refuse. 


With respect to size, the jig performed most efficiently on the inter- 
mediate range between 1-1/2 inches and 3/16 inch. ‘The separation was less 
efficient on the coarsest size in the feed and least efficient on the 
finest particles. The ovcrall efficiency for the entire range of sizes 
was 28 percent; that is, 98 percent of tne material in the raw coal, which 
had an ash content of 10.5 percent or less, was recovered in the washed 
product. 


The procedure used in this investigation enabled a determination to 
be made of the specific gravity at which washed coal was senarated from 
rcfuse. At this particular washery the separation was made at 1.60 specific 
Sravity. The degree to which the jig was able to separate the feed into 


O27 Yancey, H. F., Prozran of Coal Research, Northwest Experiment Station, 
Bureau of Mines, and College of Mines, University of Washington: 
Coal Age, vol. 42, Fetruarv 1937, p. 83. 

23/ Yancev, H. F., and Geer, M. P., Performance of a Raun-Trme Coal-Tashine 
Jigs oon of Investizations 3371, Bureau of ifincs, 1°37, (in 
press). 
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Figure 13.— Two views of float—and-sink room, showing 
overhead track, trolleys, and twin-hook hoist. 
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two products at this specific gravity is a measure of its effectiveness. 
In this instance the washed coal contained 1 percent of material with a 
specific gravity exceeding 1.60 and the refuse contained 26.0 percent of 
material lighter thar this specific gravity. 


Separation of the rew coal ard the resulting washed coal and refuse 
into five specific-sravity fractions made it possible to follow the course 
of each fraction in the to products and to determine the proportion 
distributed to each. Under the conditions of this particular washing 
operation, very light or very heavy particles appeared in the proper product, 
washed coal or refuse, respectively, but as the specific gravity of particles 
in the feed approached that at which the separation was made, the distribu- 
tion to washed coal or refuse tecame less sharp and distinct. 


A similar study of tne prrformance of a new device for washing coal — 
a pulsator-type jig -— has beer completed recently. In the last few years 
several units of this type of coalewashing device have been placed in 
operation at mines in Indiana, Illinois, and Washington. 


New equipment recently installed at the station to facilitate the 
making of specific-—zravity analyses of large samoles of coal by the float- 
and—sink method is shown in figure 14%. Improvements consist of an overhead 
I-team track on whic: travel two trolleys suspending a twin-hook hoist. 


Glarification of Coal Washery Water 


Over 40,000,000 tons of bituminous coal and probably about the same 
quantity of anthracite are cleaned annually in the United States by wet 
metnods. The recovery of the fine coal and impurities from the water used 
for washing is ordinarily carried out by means of various forms of settling 
tanks. Settling and clarification may be hastened markedly, thereby 
greatly increasing the capacity of clarification equipment already in~ 
stalled, by the addition of substances to the washery water which cause the 
fine particles in suspension to agzlomerate and thus settle more rapidly. 
This phenomenon, although well ‘mown and applied in other fields, has not 
been used at coal washeries in the United States except at a few plants. 

It is widely used, however, as an aid in recovery or disposal of fine coal 
Or impurities, as a means of nreventing stream pollution, and to enable 
re-use of washnery water at mary plants in Europe. 


During the past year a study of the means of nastening the clarifica- 
tion of coalewashery water ty addition of various substances to cause 
flocculation or agslomeraticn, and thus more rapid settling has been in 
progress at the Northwest Experiment Station. Many substances were tested 
for their ability to aid in this process. Both colloids and electrolytes 
were found to be effective under proper conditions. A higher concentration 
was found to be required for electrolytes than for colloids, but electro- 
lvtes, at the higher concentration, gave more nearly complete flocculation 
than was given by colloids at their maximum effectiveness. The most 
effective reagent wis a colloid and an electrolyte in combination. 
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None of the reagents tried could be considered suitable for all 
slurries. The most effective flocciulent was found to be an individual | 
problem for each particular slurry. This avolied especially to the optimmn 
quantity necessary to give good flocculation for the slurry in question. 
Many of the best electrolytes may have a corrosive action upon hydrolysis 
in washeryv-—water circuits, so that the use of a colloidal-type flocculent 
alone may be the most desirable, even though it does not result in complete 
clarification. Of all tne colloids tested, low-—zrade wheat flour appeared 
to be the most satisfactory on a cost basis in the Pacific Northwest. It 
was definitely the least expensive and it yielded flocculation fairly 
comparable to that given by any of the other substances of the same general 
type examined. Its action in combination with electrolytes was also very 
satisfactory. A mixture of ecual volumes of 1 percent solutions of wheat 
flour and of ferric chloride was found to be an effective flocculent. 


There are numerous methods of preparing "active" forms of starchy 
materials; one of the easiest is to heat the starch in water with or without 
the addition of an alkali. In addition, there are several patented processes 
for preparing starch. Starch from corn, potatoes, and wheat all gave good 
flocculents. 


Tests conducteit on the individual components of coal — that is, clean 
coal, bone coal, and clay or shale — demonstrated that the clay or shale 
present in many coals causes most of the difficulty in clarifying the rater. 
Coal particles can be flocculated far more readily than the semi-colloidal 
particles of shale and clay. 


To illustrate the settling characteristics of shale, a common con- 
stituent of many coals, as influenced by reagent coneentration, figure 1 
is presented. The sample used in this examination consisted of pieces of 
shale picked out of a lot of raw coal. ‘These pieces were crushed dry to 
pass a 325-mesh sieve and were added to water to form a suspension contain~- 
ing 5 percent of shale. The percent of solids remaining in suspension ten 
minutes after varying amounts of reagent were added was determined and the 
results plotted against the concentration of the three reagents used. With 
a form of starch known as "Mogul", from C.005 to 0.015 percent produced a 
maximum degree of flocculation. At higher concentrations some stabilization 
resulted. With ferric chloride as a reagent, a larger quantity, 0.02 per- 
cent, was necessary for the maximum degree of flocculation: but at any con- 
centration above 0.0125 percent, it was more effective than "Mogul" with 
no stabilization evident. The combination of the two reagents gave better 
results than either of the two alone. For the same degree of flocculation, 
a small amount of reagent was required. 


Explosion Hazards in Duet-Proofing Coal With Oil 


A field investigation was made of explosion hazards at a plant where 
coal was treated with oil for tne prevention of dust. The oil was heated 
to a temperature of 175° F. and sprayed at a pressure of 125 pounds per 
Square inch on the coal as it fell from an endless conveyor upon a shaker 

screen. <sAbout 2 pints of oil per ton of coal was used. 
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Figure 14.— Settling characteristics of shale as influenced 
by reagent concentration. 
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The following recommendations were made to minimize fire and explosion 
hazards: 


1. Provice a totally enclosed hood; or, if this is not possible, place 
ventilation ducts over an open hood to carry away any oil fog that may escape 
from the hood. 


e. If the hoods are made of brattice cloth, they should be fireproofed. 


3. The shaker screens ai) all machinery in the plant should be grounded 
to eliminate static charzes.< | 


4, All dust and oil deposits that collect on the floor and other parts 
of the plant should be removed daily, otherwise tne oil concentration in 
the dust and the plant may become excessively hisn and tnereby increase the 
fire and explosion hazard. 


5. The cleanine-plant structure should be of steel and concrete, 
Wood or other combustible material that absorts oil should not be used. 


Effect of Dust-Proofing Coal With Oil on Pate of Oxidation 


A twin calorimeter was built for studying the effect of dust-—proofing 
treatment of coal, and preliminary experiments with a representative high- 
volatile C coal were made. In these experiments larger quantities of oil 
were sprayed on the coal than would.be used in practice in order to increase 
tne effect and render measurement positive. It is indicated that 2 to 5 
percent of oil will reduce the rate of oxidation of this coal about 20 
percent at 75° C., and that it makes little difference whether 2 or 5 per- 
cent of oil is used. However, it remains to be determined whether the 
smal’er amounts of oil used in practice are likewise effective. It is also 
possible that different coals will be affected aifferently 257 


LP SS ES SS SS TS eS 


ou/ Guest, P. G., Static Electricity and Petroleum Hazards: Mimeographed 
by Western Pennsylvania Safety Council, December 1936, 7 pp. 


25/ Schmidt, L.D., Dust-Prevention Treatment of Solid Fuels: Inf. Circ. 
0932, Bureau of Mines, January 1937, 10 pp. 
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UTILIZATION OF COAL 


The coal utilization research of the Bureau of Mines is conducted with 
a view to increasing fuel economy of Governnent power and heating plants. 
and also for the conservation of the nation's coal resources by the. promo- 
tion of more efficient utilization in general. 2of 


Fuel Economy Service 


Upon request, this service advises Governnent agencies on the purchase 
of fuel anc equipment for Government heating and power plants. Acceptance 
tests of new equipment and operating tests for increasing fuel economy are 
conducted by the engineers of this section. 


Savings to the Government of approximately $25,000 were made as a re- 
sult of studies made in connection with the design of these new heating 
plants, and operating costs at other plants were reduced materially by the 
introduction of improved methods of firing and the selection of more 
suitable fuels. 


Such studies were made for the District Government, Howard University, 
the Capital Power Plant in Washington, and for the Veterans Administration, 
Department of Agriculture, Treasury Department, Federal Emergency Housing 
Administration, Department of Justice, and the Indian Service in various 
parts of the United States. 


The new boiler feedwater-—conditioning service has been extended to 
numerous Government boiler plants with resultant saving in cost of boiler 
operation. 


26/ Fieldner, A. C., Recent Developments in Coal Preparation and Utiliza— 
tion: Minerals Yearbook, Pureau of Mines, 1937, pp. 935-954. 

Fieldner, A. C., Advancements in Coal Research and Technology in 1936: 
The Mining Congress Journal, February 1937, pp. 15-16. 

Rice, G. S., Fieldner, A. C., and Tryon, F. G., Conservation of Coal 
Resources: Reprinted by Third World Power Conference, section IV, 
paper no. 11, 1936, 55 pp. | 

Nicholls, P., Symposium on Coal Research: Discussion, Proceedings of 
the 19th Meeting of Fuel Engineers of Appalachian Coals, Inc., May 
19, 1937. 

Rice, W. E., Review of Data on Combustion in Kilns: American Ceramic 
Society Bull., vol. 15, no. 10, October 1936, pp. 325-330. 

Rice, W. E., Factors in the Selection of Coal to be Used for the 
Firing of Ceramic Products (Use No. 10): Pamphlet of the Nat'l. 
ass'n, of Purchasing Agents, 1937. 

Fieldner, A. C., Fuels of Today and Tomorrow: Reprint of Proc. Am. 
Soc. Test. Mats., vol. 37, Part I, June 1937, 23 pp. 
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Special attention has been given to the abatement of smoke in the City 
of Washington,S and advice on smokeless combust ione$/ has been given to 
other municipalities that have requested aid in solving local smoke problems. 


Fuel Savers Investigation 


An investigation was completed of the effects on the comoustion 
characteristics of coal and coke of pretreating them with small quantities 
of a materials ranging in amount from 4 to 40 pounds per ton of 
fuel 22 | 


The belief that the burning of coal and coke can be improved and that 
the quantity of fuel used can be reduced by the addition of chemicals has 
persisted for the past 100 years as shown by patent records. Householders 
have been sold paciages of materials which, used with their coal, would act 
as "fuel savers." For the past 10 years the treating of coal with 1/2 to 
4 pounds of mixtures of chemicals per ton of coal has been widely practiced 
by coal companies, but there has been lack of positive proof that any 
benefits have resulted to the users of the coal. 


Tne investigations mede by the Bureau were comprehensive. Experiments 
were made with numerous inorganic salts and other chemicals, as well as 
water: their effects on the burning of coals and cokes in fuel beds under 
different conditicns were determined, The methods of burning were of 
necessity such that the treatment applied to the fuel was the only variable 
in each series of tests, so that small chanzes caused by the treatment could 
be determined and measured. 


The conclusions pertaining to the-use of not more than four pounds of 
chemicals per ton of fuel may be summarized as follows: 


O Barkley, John F., Smoke and Fly-ash Prevention at the Federal Central 
Heating Plant, Washington, D. C.: Froc. clst Ann. Convention of the 
Smok: Prevention Assoc., New York City, May 31 to June 5, 1937, pp. 
120-124; Manuel of Smoke Boiler Ordinances and Requirements, Smoke 
Prevention Assoc., pp. 124-127. 

Nicholls, P., Duscussion on Smoke Abatement: Mimeographed Report of 
Proc. 16th Meeting of Fuel Engineers of Appalachian Coals, Inc., 
October 5, 1936, pp. 2+. . 

Barkley, John ¥., Equipment and Operating Data on the Federal Central 
Heating Station: Combustion, vol. 8, no. 5, Novenber 19%6, pp. 27-32. 

28/ Barkley, John F., The Forced-Draft Spreader Stoker: ‘Trans. Am. Soc. 
Mech. Eng., vol. 59, 1937, pp. 259-65. 

Barkley, John ¥., The Specific Chemical Properties of Coal as Sampled; 
The Hand—Fired Down-Draft Furnace; The Spreader Stoker, Natl. Assoc. 
of Purchasing Agents booklet entitled "Factors Recommended for 
Consideration in the Sclection of Coal", 1937. | 

29/ Nicholls, P., Rice, ¥. E., Landry, B. A., and Reid, W. T., Burning of 
Coal and Coke Treated with Small Quantities of Chemicals: Bull. 4ol, 
Bureau of Mines, 1947, 158 pp. 

Nicholls, P., Chemical Treatment of Coal and Coke: ‘Tech. Pub. 848, Am. 

Inst. Min. and Met. Eng., 1937, 14 pp. 
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The only effect on the burning that could be beneficial is the re- 
duction of caking in the fuel beds; but any appreciable effect of this 
nature is limited to coals that are weakly caking, such as those from 
Illinois and Indiana. The action decreases rapidly as the coals are more 
strongly caking; it decreases rapidly with increase of rate of burning; it 
is approximately proportional to the amount of treatment applied; and it is 
small at best. Further, in most instances the same effect could be obtained 
by the addition of a sufficient quantity of water alone. 


Treatments with chemicals, even in large quantities, do not reduce 
smoke nor do they in any manner reduce clinkering, but, rather, the chemica‘s 
most commonly used increase the fusibility of the ash. 


Wo treatment can, of itself, save coal, Householders who use eastern 
coals can derive no benefit from treatments: those who burn weakly caking 
coals may, under favoratle conditions, find that the furnace requires less 
attention, 


Fusibility of Coal Ash in Slaz-Tap *vrnaces 


Laboratory studies are being continued on the relation of ash composi- 
tion and the state of oxidation of the iron to the softening temperature ars 
the viscosity of coal-ash slags. An electric furnace with nitrogen atmos- 
phere has been constructed for this investigation. 


Combustion of Coal on Domestic Stokers 


At the beginning of the fiscal year the Bureau undertook, at its 
Northwest Experiment Station, Seattle, Wash., where work is done in coopera- 
tion with the College of Mines of the University of Washington, a study of 
the combustion of coal on domestic-— or residential-—type stokers. The in- 
creased consumption of small sizes of coal, and particularly the rapidly 
increasing use of small automatic stokers, sales of which have nearly 
doubled each year for the past 4 years, has resulted already in a realign- 
ment of coal-preparation practice at many mines with respect to the relative 
quantities of the various sizes marketed. 


With the object of determining the relative suitability of the various 
sizes and ranks of Washington coals for use on domestic stokers, the 
testing plant shown in figure 15 was installed. As illustrated, it consists 
of a conventional-style, domestic, hot-water boiler and furnace, a stoker, 
and the necessary avxiliary equipment, such as temperature recorders, gas- 
analysis recorders, draft ganzes, etc., required to determine the distritu- 
tion and recovery of the heat furnished on burning various sizes and ranks 
of coal. 


The domestic stoker used almost exclusively in the Pacific Northwest, 
probably because of its lower first cost, is the overfeed type, ard tests 
with different coals on this type were undertaxen first. The overfeed tyre 
is considered by the manufacturers of such equipment to be suitable for 
burning the noncoking or weakly coking coals, such as are mined extensively 
in the Mississippi Valley and westward. 
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Figure 15.— Stoker and hot-water boiler furnace showing 
carbon dioxide analyzer and part of instrument panel. 


Figure 16.— Special balance and accessory 
apparatus for estimating combustibility 
of coke by direct weighing. 
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During the year, 20 heat~balance trials were made on three different 
coals — one subbituminous A and two high-volatile bituminous A coals. Eoth 
bituminous coals may be classified as weakly caking, but one caked more than 
the other. These three coals were tested both in the slack sizes, including 
all fine sizes normally present, and in a sized condition after removal of 
the fine sizes. During tne tests the feed rates were varied in steps from 
11 to e2 pounds per hour and firing was continucus, with no "on-and-off" 
periods. 


The general conclusions of the work done so far during the investiga-— 
tion, which, of course, relate only to the particular combination of stoker 
and boiler employed and to the conditions of testing, are as follows: 


With subbituminous slack passing l-inch, the useful heat recovered in 
the water ranged from 60 percent at high rates of burning to 75 percent at. 
low rates. Thus, slack sizes of subbituminous coal, including all fine 
sizes and noncaking bituminous as well, are entirely suitable for overfeed- 
stoker use from the stardpoint of over-all efficiency. 


The removal from l-inch slack subbituminous coal of the fine sizes 
passing a ll-mesh screen did not increase the over-all efficiency of heat 
recovered when burning subbituminous coal at low rates, but did increase 
the efficiency and reduce the ash~pit loss at high rates. 


Sized, weaxly caking coal with an azslutinating value of 700 eramso0/ 
is suitable for use on overfeed stoxers: an unsized slack coal of this 
description has not been tested. 


Coal with an agglutinating value of 2,300 erams ,30/ which also may be 
characterized as weakly caking, is unsuitable in the form of leinch slack 
with all the normal fine sizes present, because of the large loss of un- 
burned coke to the ash-pit, even at low rates of burning. However, such 
coal can be used at low but not at nigh rates, if the fine sizes passing 
mesh are removed; in other words, if the coal is sized. Under these con- 
ditions, however, toe efficiency is about 15 percent less than with a non- 
caking coal, due principally to the hign loss of coke as combustible in the 
ash pit. 


A mixture of 50 percent subbituminous coal and 50 percent bityminous 
coal with an agglutinating value for the mixture of 2,300 grams, both in 
the form of l-inch slack, is suitable for use at feed rates not exceeding 
about 15 pounds per hour, 


Properties of Western Coxes 


The determination of the physical and chemical properties, according to 
standard methods, of cO different cokes produced locally or marketed in the 
Pacific Northwest has been completed, and a new method has been devised for 
estimating the rate at which cokes or other solid fuels burn in air, 

O/ Marshall, S. &., and Bird, B. M., Agglutinating, Coking, and. Pyproduct 
Tests of Coals from Pierce Cuunty, Wash.: Bull. 336, Bureau of ‘lines, 
1931, 31 pp. 
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Figure 16 illustrates the anparatus nsed to estimate combustibility. 

A l-sram sample of coke sized between %- and 10—mesh sieves, amounting 
usually to about 250 pieces, is placed in the nichrome wire-mesh basxet 
that is attached ty a wire to the beam of the special balance shown in the 
photograph. The basket is then lowered into a standard electric volatile- 
matter furnace heated to the desired temperature, and a current of air of 
constant velocity is passed upward through the furnace. Continuous obser- 
vation of the decrease in weight of the sample is pvossible throughout the 
entire period of burring. 


For the same coke, the rate of combustion decreases with increase in 
the period of carbcnization at a given temverature and also with increase 
in carbonization temperature. With coxes produced under the same conditicas 
from coals of different rank, combustibility generally decreases with in- 
crease in rank, especially if the difference in rank is pronounced. Con- 
sidering the effect of tenperature on various cokes, maximum differences 
were shown at the lowest temnerature used, namely, €009 C. At high 
temperatures these differences between the combustibility of various samples 
became less and less until, at 1,000° C., the rates were much the same for 
all high-temperature cores. At this temperature, however, low-temperature 
coxes were still more cimbustible than high-temperature cokes. 


Survey of tne Carbonizins Properties of American Coals 


In the past year several publications were issued on investigations 
conducted in the previous year gn the gas-, coke-, and byvroduct-—making 
vroperties of American ey In addition, yields and qualities of 
carbonization products were determined on seven representative coals at 


Davis, J. D., Blending Properties of Certain Hizh-Volatile Coals as 
Brought Out by High-Temperature Carbonization: Froc. Am. Gas. Assoc., 
1936, pp. 8084814. 7 

Davis, J. D., anc Holmes, Clarence R., Blending of Certain High-Volatile 


Coals with Feckley Fed Coal and the Effect on the Yield ard “uality o° 
Carbonization Products: To be published in Proc. am. Gas. Assoc., 1° 


Fieldner, A. ©., Davis, J. D., Thiessen, R2., Selvig, W. Aa., Reynolds, 
D.A., Jung, F. W., and Sprunk,G. C., Carbonizing Properties and 
Petrographic Composition of Clintwood Red Coal from Buchanan Mines 
Nos. 1 and 2, Buchanan County, Va.: Tech. Puper 570, Rureau of Mines, 
1936, 34 pp. 

Fieldner, A. C., Davis, J. D., Thiessen, R., Selvig, W. A., Reynolds, 
D. A., Sprunk, G. C., and Jung, F. W., Carbonizing Froperties and 
Petrographic Composition of Pittsburgh Bed Coal from Pittsburgh 
Terminal No. 9 Mine, Washington County, Pa.: Tech. Paper 571, Bureau 
of Mines, 1930, 3% pp. 

Fieldner, A. C., Davis, J. D., Thiessen, R., Selvig, W. A., Revnolds, 
D. A., Sprunk, G. C., and Holmes, ©. R., Carbonizing Pronerties and 
Petrographic Composition of Millers Creex Bed Soal from Consolidaticn 
No. 155 Mine, Johnson Countv, Ky., and the Effect of Blending Millers 
Creek Coal with Pecahontas Bed and Pittsbureh Sed (Warden Mine) 
Coals: Tech. Faper 572, Bureau of Mines, 1936, 50 pp. 
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carbonizing temperatures of 5009, 600°, 700°, 800°, 900°, and 1,0009 C. Of 
thes? coals, three of low-volatile rank were from the Sewell, Beckley, and 
Pocanontas beds in West Virginia: two-of high-volatile A rank were from the 
Cedar Grove and Upper Banner teds of West Virginia and Virginia; one of 
hicgh-volatile C rank was from the No. | bed in Indiana, and the other was of 
subbituminous rank from Colorado. 


Special attention was given to the improvement of the quality of coke 
by blending of different coals. All coals of high-volatile ranx are. 
blended with.a single low-volatile coal, and the low-volatile coals are 
blended with a single hign-volatile coal. The proportions used are &0 
percent high-volatile with 20 percent low-volatile and 70 percent high- 
volatile with 30 percent of low-volatile coal. ‘The data plotted in figure 
17 show that for the coals tested kore lyces and sources of the coals are 
given in table 6); 


nee A stronger coke is obtained from a hign—volatile coal blended with 
one of low-volatile rank than from 1CO percent of the high-volatile coal, 
althouzh the improvement realized is not always proportional to the amount 
of low-volatile coal used. 


e. The imprevement realized by blending a high-volatile coal of low 
coking rank (coal 45, table 6) is greater than for high-volatile coals of 
high rank. 


S, The strength of coke made from a blend of 30 percent Beckley (coal 
41) coal with 70 percent of Warden coal (coal 28) is practically as high as 
that from 100 percent of the Reckley; the hardness factor, however, is not 
as high. 


Because most coal beds consist of alternating layers of bright coal, 
splint coal, and senisplint coal, a study was made of the carbonization 
characteristics of 15 such lavers from four different coal beds. Low- 
temperature distillation tests and agglutinatinzg-value tests were made. 
This work is informative in that it clearly shows that differences-in 
carbonization characteristics occur for different leyers of coal in the 
same coal bed. As a rule, the splint coal layers give lower tar and gas 
yields than do the bright coal layers. For some coal beds these differences 
are pronounced. One possible practical application of such studies is the 
segregation of these different layers on mining so as to divert the 
varieties of coal tnat occur in the same bed to the use for which they are 
best adapted. This wouid eppear to be practicable for those coal beds 
composed of relatively thick layers of coal of different characteristics. 


Low-temperature distillation tests at 200°, 350°, and 500° C. were 
made on two samples of suotitumincus coal from the Denver coal region, Colo- 
rado, to determine whether these coals give off combustible matter at 
unusually low temperatures, as has been reported, ,These tests did not 
show any unusual characteristics for these coals.2/. 


e/ Ode, W. H., and Selviz, W. A., Low-Temperature Distillation Tests of 
Subbituminous Coal from the Denver Region Coal Field, Colorado: 
Rept. of Investigations 3342, Bureau of Mines, 1937, 7 pp. 
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Effect of Conditioning Coal on its Coking Properties 


Worx on this problem covered three methods of conditioning, viz.¢ mild 
Oxidation, heat treatment in the preplastic range, and treatment for dust 
prevention, the latter bearing on coking proverties only incidentally, in 
that it may affect oxidation in storage. Most of the work of the present 
fiscal year has had to do with the first method. It is known that the 
coxing power of a coal can be destroyed by severe oxidation and, conversely, 
that the coking power of certain high-volatile coals can be improved by. 
Mild oxidation, Fresuthably, with such coals one should be able to determine 
the optimum conditions of exposure and amounts of oxygen to use so as to 
obtain the best coke by this method of conditioning. With this objective 
in view, a suitable experimental procecure was devised. A representative 
sample of high-volatile A coal, O- to 1/4-inch size, was oxidized ina 
thermostat at 30° ©. and also at 50° C. The amount of oxygen used and 
oxidation procucts formed were determined in each case'and during the course 
of the oxidation periodic sanples were withdrawn for determination of the. 
yield and quality of carbonization products. Table 7 shows the results of 
the tests at 30° C. With the particular coal tested, the yield of tar de 
creased as the oxidation progressed, the yield of coke increased and the 
yield of gas decreased. As shown in table 9, the quality of the coke in- 
proved, particularly the hardness, with the amount cf oxvgen used, 


Table 8 shows the resnits of a similar series of tests carried out on 
the same coal at 50° instead of 70° C. Under these conditions the strength 
of the coxe (table 9) reached a maximum when the oxidation had progressed 
for 103 days, the oxygen content of the coal having increased from 6.7 
percent to 8.3-percent (moisture— and ash-free basis). The effect of a 
given amount of oxvgen used on the yield and quality of carbonization 
products appeared to be the same as that for oxidation at 309 C. Tables 
7 and 8 show that the rate of oxidation at 50° 6. was approximately 2-1/2 
times that-at 30° C. 


33; Schmidt, L. D., Elder, J. 4., and Davis, J.D., Oxidation of Coal at 


Storage Temperatures: Ind. and Eng. Chem., Ind. Ed., vol. 28, no. 
11, November 1936, pp. 1346-1353. 
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TABLE 7. — Summary of °009 C. carbonization tests on oxidized 


Pittsturfh ted coal (Bruceton mine) at 30° C. 
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AY e m1nN— 
oxidized 


va 
, —— EE LTS 


‘sample 
“Sctent of oxidation, daySecece 
srams Oo per kilogran dry coal 
:30al charged to retort 


-Average sizez/ (cm) 


Oe tenia e series — 


‘fields, percent2/: a 

, COKE ae ccecerccccsseeseccces 65.1 | 65. oO 67 .0 
TAT ues eas 66010-0055 4.60 a eee “2°? a 9 11,5 
DP iGUOr eiyeasis oie cee eteeeueese +26 ; 22 are 
GAS 6s < oierers Wis. eG 5s o's 4 w ewe ere-eeere lol Le 9 15.8 
HaScccccerccncvnsccccccccne ° e ot e 
TOCA sbenescwasweswmeeecege,,. Oe) 2 -USe 4 | 98.8 
Gas2/, liters per iS coal... 403 Aas) 02 303 
Gasa/, Ce Tt. [ton COnl.s. 10. 4912 90 | 9 6) 

Total COs evolved in carbon- 

“cing (em/ke dry Coal ) scaenais 9.c6 !10.7 11.70 

a aaa percent: | au oe | _ — 6 sh ee 
Paes oe 6.1 5 2 | 58 "Bee | -5a8) os 
OD ica a anew ie wise @eieol eo e's.6 0 0 3 a j > oe rs ° . 
Tosgcecscccccccecrcsccscees, 43.7 | 51.3 | 46.5 | 49.5 | 49.5) 46.7 | 4e.4 
SO aiarat ace aiuet tere ae cei Siete es 6.5 | 6.3} 6.9! 65 | 6.8] 6.8] 6.8 
Oi utc sWenrecswbosessel, Sled: 12913 | -34.5:|| 30.7 90.5 31.9) Sic2 
Ot ee ee er 2.9 | 3.6 | 3.0 | 34 2.2} 2.8 3.5 
NOeniieleseaisiowuewen sence 265 | 2.0) Ulf} 22] 2.2) 2.9] 1.4 

Paes Spe: EVAVity 2) sesuecavwcws b5 | ua ! 425 | Who] 437] 437] 435 

1/ Yancey, H. F., and Zane, 2. B., Comparison of Methods for Determining the 


Srinoility of Coal: Rept. of Investigations 4215, Bureau of Mines, 1933, 
pF e Lee} e 
Dry basis. 
Saturated at oC° F. and 30 inches mereury (15.559 ©. and 762 mm He). 
2,C00-pound ton. | 
Specific gravity air =1l. 
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TABLE &. 
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1/ Yancey, H. F., and Zane, PR. 


bility of Coal: 
2/ Dry basis. 
ay Saturated at 60° F. and 40 


2,000~pound ton. 
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Specific gravity air =l. 
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- Summary of 900° ©. carbonization tests on Pittsbur 
bed bed cecal coal” (aruseton mine) oxidized at 50° C. 


moxidized 
Bel 


1,9 252 2.1 2.5 2 6 3.1 
55 5 lt Fe | 5-0 58 | 5-1 

J 25 of ee of of of 
49.3 50.6 | 50.3-] —- | 48.6 | 45.5 | heh 
{0 rae) 134 -- ia & 4 &.6 
30.1 29.1 | 28.8 | —- W.5 1 32.5. | Sese 
5.0 540 fe8 |. Let Coe 2.0 
rode eee 2.6 |. — 545 eed 29 
430 pe Te) ey a ee 434] 463 | bbs 
E., Comparison of Methods for Determining the Fria— 


Investigations 3215, Bureau of Mines, 1933, pp. 1-23. 


inches mercury (15.569 C. and 762 mm Hg). 


COs removed on drying at 116° C. prior to carbonization. 
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TABLE 9. - Physical properties of coxe produced on carbonizi 
oxidized Pittsburgh bed coal -(Bruceton mine 


is Oxidation at 30° C. 


Av ° un 
oxidized 


- ol 


-mple aD 
“tent of oxidation, daySercecere 
ams Oo per kilogram dry coal... 
ke, screen analysis after... 
nour in tumbler (cumulative):.. 
Percent on 1-1/4 incheesesessae 
muwercent on 1 inch... .cscccscces 
Percent on 3/4 inch, ..ssccccee 
oS) Percent on 2 MORI 14-t5 saa wane~ 
) Percent on i CGN wcevccecscces 
° Average size (OM) va cein gees 
«| Percent Friability)/ ........06 
ike, screen analysis after 1-1/2 
ars in tumbler get aeabes = 
., Percent on le1/4 inch.csecosse 
 pemcent on 1 inchs.cecsscecces 
. Percent on 3/4 Inch eecesececce 
6 Percent on 2 Mesh..eiccccecccce 
~ Percent <n esh. 
ed Average ixell Coa) eta 


oa Percent friability eeseseeeer 
Oxidation at 50° C. 


< nox1iadizecd | 
‘gaple ; Be} 
“tent of oxidation ’ days eeeeeeere i. 3S Wy 0 
‘ams Oo per kilogram dry coal... 4 
“ke, screen analysis after 7 
Jhour in tumbler (cumlative): 


' Percent on 1-1/4 inches... see L503 15.6 

w Percent on 1 inchescececcccrer HO .8 34 4 

' Percent on 3/4 LMGCH i yes dienes €0 57.8 61 4 

| @ercéent on 2 Mesh... ccccresecce 65.9 6° .6 

, Percent on 4 Mesh....ccsceseee 67.2 | 71.4 

| Average size+/ (om) ccc cocnces 1.897 | 1.946 

| Percent friability4/ .....ceee 5 | BUG 

%ke, screen analysis after 1-1/2 

surs in tumbler (cumulative): | : 
Percent on 1-1/4 inch... .cee. 3.2 Ter 3.7} 2.0 
Percent on 1 inch. ..ecrceccces 30.7 | 26.7 27 1 3735 
Percent on 3/4 inch...cccccves 50.0 53.0 62.3 | 57.3 
Percent on 2 Mesh. .csrccccecess 59.9 63.0 63.3 | 67.0 
Percent on 4 Mesh...cccseccees} 61.2 | 65.0 71.5 | 69.3 | 67.9 
Average size+/ (cm)..ceccccccee 1.638 {| 1.704%] 1.791 1.854) 1.814 1,811 
Percent friabilityll oscesssne 61.5. 60 .0 56.5 4 


oe oe 5 
Apparent specific gravity of coke olf oft ef 39 307 838 
True specific gravity of coke. 1.902 -- 1 854 -— 1.86 
Percent cell space....eecsseee 0. = 60.1 — 55.1 


Yancey, H. F., and Zane, R. E. (see footnote, table 6).. 


200 335. 


Digitized by Coc gle eige from 


THE OHIO STATE UNIVERSITY 


The Swelling of Coals During the Coxing Process 


When bituminous coal fuses and becomes plastic in the coking process, 
it expands because of the formation of gases within the plastic mass, much 
the same as dough rises in the process of bread making. Various laboratory 
methods have been devised to study the expansion of coals in the plastic 
state and to classify them as to expanding properties, but none of then is 
of much practical value for determining how a coal will expand in industria! 
carbonizing apparatus. In these test methods a small quantity of fine coal 
is used, so that the whole can be heated uniformly, whereas in industrial 
practice only a thin layer perpendicular to the direction of flow of heat 
‘is plastic at one time and this layer gradually advances to the center of 
the heating chamber The plastic layer varies in thickness as the carboniza- 
tion progresses over the 7 to 12 inches of the charge and, therefore, the 
freedom of escape of the gases generated therein varies. Accordingly, the 
expansive force varies so that conditions of test should duplicate those ir 
industrial ovens if the results are to be of practical application. One 
test method involving the progressive heating idea has been used in the 
United States for several years, but because of the small scale of test the 
results have been questioned. For this reason,.a larger-scale apparatus 
more nearly duplicating a coke oven was designed and built. Views of this 
apparatus in open and closed positions are shown in figures 18 and 19. It 
is a slot-type oven, heated electrically on ‘one wall only, the opposite 
wall being movable so that the amount of expansion of the coal being coked 
can be measured while a constant pressure is being maintained on the wall. 
The normal thickness of the charge (200 pounds) is 5 inches, but it can be 
increased to 6 inches if desired. In addition to this piece of apparatus, 
a smaller oven (holding about 40 pounds) was built following a design re- 
cently adopted by a steel company with which the Bureau is cooperating. 
This oven is heated electrically from the sole: it is shown in figure 20. 


Previous investigators have shown that height and density of the charge 
affect the amount of expansion of a coal being coked under industrial con- 
ditions. These factors are known for coke-oven practice and can be con- 
trolled in test apparatus. The first experimental work with the Bureau of 
Mines apparatus showed that rate of heatine, particularly that through the 
plastic range of temperature, has a pronounced effect on the expansion ob- 
tained. For example, it was shown, for a strongly expanding coal, that by 
doubling the average rate of heating through this range the expansion under 
constant load was doubled, It was evident, therefore, that coke-oven heat- 
ing rates would have to be maintained in the’ test apparatus if results 
directly, applicable to industrial coking were to be obtained. A study of: 
published data on the heating of charges in coke ovens was made, and it was 
found that’ average rates of heating vary from about 2 to 3.50 C. per minute, 
depending on the flue temperature and width of the oven. Since the Bureau 
of Mines. test ovens are heated electrically, accurate control is possible. 
Work done so far indicates that the average rate of heating..through the 
plastic range in a coke oven can be duplicated without having the rates 
excessively high or low at any point. It is indicated that on duplicating 
coke-oven carbonizing conditions as regards heating, charge density, and 


pressure on the charge, the test results give a true picture of the expansive 
behavior of coal in a cos oven. 
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Figure 18.— Slot-t 


Figure 19.— Slot-type expansion oven (closed). 
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Figure 22.— Hydrogen plant. 
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Hydrogenation of Coal 


In European and Asiatic countries much emphasis is being laid on the 
importance of providing against exhaustion of liquid fuel supplies. Although 
necessity in this country is less, it is important that American research 
in this field be maintained to establish proper groundwork for the evaluation 
of foreign developments. Another important objective of the study on the 
hydrogenation of coal is the obtaining of comparative data on various 
American coals to determine which are the most amenable to the hydrogenation 
treatment and to determine the optimum conditions of treatment for each. 
Heretofore, almost all hydrogenation studies in this country have been made 
by the oil industry. Investigations to be conducted by the Bureau of Mines 
will be dedicated to public use and for the benefit of the coal industry. 

By starting the program at this time, it is contemplated that during the 
next decade enough new developments will result so that the American coal 
industry will be in position to make liquid fuel when necessity arises. 


During the past year, a small-scale continuous plant capable of hydro- 
genating 100 to 200 pounds of pulverized coal in 24 hours was put in opera- 
tion. This equipment, together with apparatus for the production of hydrogen 
from natural gas, is housed in a special building at the Bureau's Central 
Experiment Station at Pittsbureh, Pa. (see fig. 21). 


The hydrogen plant (fig. 22) consists of a water gas generator, A, 
water gas shift chamber, B, water spray tower, ©, carbon dioxide scrubber, 
D, and amine regenerator, ke A L—~staze horizontal compresor (fig. 23) is 
used to compress tne hydrozen. Hydrogen is stored in a battery of 25 high- 
pressure steel cylinders each of 200 cubic feet (measured at atmospheric 
pressure) capacity. 


The water gas senerator consists of two concentric tubes 7 inches and 

5 inches outside diameter and 69 incnes lonz, made of hizgh chromium—nickel 
alloy (25 percent Cr, 20 percent Ni). "he 1 inch annulus betreen these 

tubes is filled with pure nickel stampinss 1/4 by 1/8 inch, which serve as 

catalyst for the reaction between the stezm and natural gas. The reaction 
zone is maintained at 1,050° C. by two sources of heat, namely, a 1-1/2 
inch Globar unit in the center of the inner tube and a high-temperature 


au] Fieldner, A. C., Oil from Coal: Science Digest, February 1947, pp. 68-70. 

Chemical and Metallurgical Engineering, U. S. Looks into Coal Hydrogena-— 
‘tion: vol. 44, no. 9, September 1937, p. 472. 

Storch, H. H., Coal Hydrogenation. Chemistry: Ind. and Eng. Chem., Ind. 
Baas vol: 29, December 1937, pp. 1367-1371. 

Fisher, C. H., and Eisner, Abner, Primary Liquefaction of Coal by 
Hydrogenation. Destructive Hy drorenation of the Oxygen, Nitrogen, 
and Sulphur Linkages: Ind. and Eng. Chem., Ind. Ed., vol. 29, no. 12, 
December 1937, pp. 1371-1376. 

Storch, H. H., Hirst, L. L., Golden, P. L., Pinkel, I. I., Boyer, R. pen 
Schaeffer, rae ae na Kallenberger, R. H., Biresa of Mines xxperi- 
mental Plants Ind. and Eng. Chem, , Ind. rd., vol. 29, no. 12, December 
1937, pp. 1377-1380 
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resistance heater surrounding the outer tube. Equal volumes (about 100 
cubic feet per hour) of steam and natural gas are used. ‘he analysis of 
the natural gas varies somewhat with time but averages about 90 percent 
CHy, 8 percent CoH¢, and 1.5 percent No. ‘The water gas produced by the 
zenerator contains about 75 percent Ho, 21 percent CO, 1 percent COo, and 
1 percent CH). 


The water gas shift tubes, B, in figure 20 have been replaced by a 
more compact catalyst chamter to reduce heat losses. The new water gas 
shift chamber consists of a 24-inch section of 6-inch steel pipe con- 
taining at its center a e-inch copper rod. Attached to the latter are 
eignt copper plates or vanes, whicn divide the chamber into eight catalyst 
spaces. Tnis arrangement serves to permit rapid conduction of heat and 
avoids excessive channeling of the mixture of water gas and steam. A 
copper-cobalt catalyst, the preparation of which has been described in a 
recent Shiica en). is used to accelerate the water gas reaction: 

HoO + CO = COo + Ho, the temperature being maintained at about 350° C. 
Approximately five parts of steam are mixed with the water gas as it issues 
from the water-eas generator. The exact amount of steam added is determines 
by the desired temperature gradient in the column of copper—cobalt catalyst. 
The gradient is preferably kept below 509 C., that is, catalyst temperature 
300° to 350° Cc. 7 


Tne water—sprav tower, C, serves to condense the excess stean in the 
off-gas from the cobalt-copper catalyst. The carbon dioxide scrubber, D0, 
is a 10-inch by 12-foot tower packed with 1/4—inch carbon Rashig rings. A 
spray of 10 percent tetramine is used to scrub out the carbon dioxide.20/ 
The amine regenerator, E, consists of a boiler, 12 by 40 inches, attached 
to a distillation column 10 inches by 11 feet, packed with 1/4-inch carbon 
Rashig rings. The spent amine is heated in the heat exchanzer, F, by 
transfer of heat from regenerated amine and is then pumped through a spray 
head in the center of the distillation column of E. A rcflux coil carrying 
cooling water is in the top of this column. 


The hydrogen plant has functioned satisfactorily during the production 
of about 6,000 cubic feet of hydrogen. ‘The analysis of the hydrogen produce: 
is approximately as follows: 96.0 percent Ho, 0.5 percent CO, 0.2 percent 
COs, 1.2 percent CHy,, 0.2 percent Oo, 1.9 percent No. 


The coal hydrogenation plant is shown in figures 2/4, 25, 26, ‘The 
coal-—oil paste is delivered under several pounds pressure by the gear—type 
oil pump A to the paste pump, B (fig. 24). The latter is a vertical piston 
pump with ball check valves. The paste is forced into the converter, shown 
in figure 25, and contained in the furnace of figure 26, a 5-inch outside 
diameter by 3-inch inside diameter, 18 percent Cr, 8 percent Ni, alloy-stee: 


35 / Storch, Hs Has and Finkel, I. I., Freparation of an Active Cobalt- 


Copper Catalyst for the Water-Gas Snift Reaction: Ind. and Eng. Chen., 
tnd: BGs VOL, 25: 2931) De. 115% 

36/ Hirst, L. L., and Pinkel, I. I., Absorption of Carbon Dioxide by Amines: 
Ind. and Eng. Chem., Ind. Ed., vol. 28, no. 11, Novemter 1936, po. 
1315-1315. 
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Figure 25.-— Coal hydrogenation converter. 
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Figure 27.— Switchboard and recording instruments. 
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tube. Hydrogen is pumped in through the top of the converter and preheated 
by passage through a heat exchanger. The latter consists of several coils 
of aluminum tubing throvgh whicn the incoming hydrogen passes before being 
mixed with the paste. The licht oil and hydrogen off-gas pass around these 
coils before leaving the converter. Heat is supplied to the converter by a 
cylindrical electric resistance furnace shown in figure 26. Temperatures 
are measured by thermocouples inserted in a well attached to the top closure 
of the converter and extending the full length of the latter. Surface 
temperatures on the outer wall of the converter are measured at three equi- 
distant points. 


The light oil and hydrogen off-gas pass through the two traps shown in 
figure 26. The light oil condenses in the first trap, and hydrogen sulphide, 
water vapor, and carbon dioxide are removed from the hydrogen gas by a layer 
of caustic soda in the second trap. From the latter the gas is picked up 
by the recirculation pump, C, (fig. 24), and pumped back into the converter. 


A view of the switchboard and temperature-recording instruments is given 
in figure 27, and a floor plan of the entire plart in figure 2&6. 


Six single-staze runs of 10 to 18 hours! duration have been made with 
Pittsburgh bed coal from the Pureau's Experimental Mine at Bruceton, Pa. 
These tests show that it is possible to liquefy 75 percent (ash— and 
moisture-free basis) of the coal, 22 percent being converted to normally 
gaseous hydrocartons. Tne product consists of 50 percent of "Light" oil, 
distilling mainly between 1€0° and 3CO° C., and 50 percent of a heavy oil, 
which resembles a low-temperature tar. This heavy oil is centrifuged to 
remove the ash and other solid matter, such as fusain and catalyst material, 
and the liquid is then used to make paste with an additional quantity of 
coal. The light oil is to be sent to the second hydrogenation stage, 
where it will be converted to gasoline. «as an example of the data collected, 
tables 10 and 11 give the details of run no. C-H, 


Effect of Vehicle in Coal Hydrogenation 


The effect of vehicle in coal liquefaction, previously given compara- 
tively little attention, was studied under mild conditions of hydrogenation 
(400° C. and 67 atmospheres original hydrogen pressure). Batch experiments 
were made with a small autoclave. Twenty-one vehicles, consisting of a 
Single organic compound or a mixture of two were investigated. The same 
coal, Pittsburgh ted, obtained from the Bruceton mine, was used througnout. 


The organic compounds employed were selected on the basis of certain 
oitstanding properties, svcn as polarity, aromaticity, paraffinicity, de- 
polymerizing action on coal, and tendency to lose hydrogen at high tempera- 
tures. With the results ottained, it is possible to draw several conclu- 
sions regarding the requirements of a satisfactory vehicle. 
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TARLAC 10. ~ Operating data from run no. 6-4 


Temperature: 410° C.; pressure: %,200 lbs/sq. in.: Ho recirculation rate: 
200 to 300 cu. ft. (atmospheric pressure) per hour; total time of run; 18 
hours; time of contact: 4 hours. 


“Total weight, ‘Total percent 
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TABLE 11. — Analvtical data on products 


Vehicle 


Light oil | (anthracene oil)| Heavy oil 
Percent! Specific|Percent |Specific|Percent Specific 
eravit | sravit; pravity 


Sample as received. .cccece - 1.013 ~~ 1.103 oe - 
Distilling under 200° C.../ 18.5 880 1.5 -- 3.0 -- 
Distilling, 200°270° c.../ 45.0 299 30.5 Solid aks -— 
Distilling, 2709-3009 C...! 16.5 1.05 15.0 1.090 -- -- 
Distilling, 300°-330° 6...) 10.0 1.075 | 14.0 Solid ae -- 
Distilling, over 330° C...; 10.06 ~— 39.0 -— — -- 
Distilling to 2009°C.at 5mm] -- — -— -- 53.0 1.057 
Lal DASCS 6/60 66-884 50S eee Cas 4.2 — | 6.4 on 3.6 -- 
PHENOLS Sins ivedudwecwancacl “SNe a ae _— Tl -- 
Catoxvlic acids... ..ccccce ot eae 0 ae 2 oo 
Neutral O11) sin sisivewsewise CO6e 6990 | &9,2 1.064 “om = 
Olefins, percent of neu- 

UPAd Ol) soe ere wie wiwreree Reeves 165 g — ~—- 
Aromatics, percent of neu- 

Chat Ol ssscewted etude Gov = = 
Saturates, percent of neu- 
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Frevious claims tnat tetralin is a gooi dispersion medium were con- 
firmed. The only other h-drocarbon (methylnaphthalene) observed to be ef- 
fective is similar to tetralin in that it is partly aromatic and partly 
aliphatic. Completely aromatic hydrocarbons (naphthalene and diphenyl) and 
saturated hydrocarbors (decahydronaphthalene and hexadecane) proved to be 
poor vehicles. ‘The vresence of polar compounds, such as phenols and amines, 
in the vehicles was found to be beneficial. 


The vroducts formed in highest yield were pitches, which melt at 
moderately elevated temperatures. Elementary analrses of these pitches 
indicated that hydrogenation had raised the carton and hydrogen contents, 
lowered the sulphur and oxygen contents, ani caused little change in the 
nitrogen content. The results of this work have been published. if 


Batch experiments are in progress on the rate of destructive hydro- 
fenation of functionel grouns-containing oxygen, nitrogen, and sulphur in 
the coal substance. It is expected that some fundamental informatim con- 
cerning the chenistry of the coal~hydrogenation reactions will result from 
this work. 


ee 


Analytical Methods for Coal Hydrogenation Froducts 


A survey w2s mace of the Sounces. 6 error involved in extraction pro- 
cedures for the analysis of tar oils. After a series of experiments, a 
modification of the present Fureau of Mines method for analysis of tar oils 
was developed. ‘The important changes are: 


1. A correction for the water absorption by the tar oil in the first 
extraction. 


2. The separate determination of phenols and carboxylic acids. 


The modified method is simpler and more accurate than the methods pre— 
viously used to determine tar acids, tar bases, and carboxylic acids. 


A similar series of experiments was made in order to determine the 
limits of error in sulphuric acid-extraction methods for determining olefins 
and aromatics in hydrocarbon oils. None of these methods gives results 
applicable with accuracy to all mixtures of hydrocarbons. It was found, 
however, that for the neutral oils found in coal tar related oils the 
Bureau of Mines! metnod developed by Kester and PohleJz/ gave the most 


27/ Fisher, ©, H., and Hisner, Abner, Primary Liquefaction of Coal by Hvydro- 
genation. (Chenical Nature and Effectiveness of the Vehicle): Ind. 
and Eng. Chem., Ind. Bd., vol. 29, no. 8, 1937, pp. 939-945. 

38/ Fisher, C. H., and Eisner, a., Extraction Methods for Determining Tar 
Acids and Bases, and Variables Affecting Their Accuracy: Rept. of 
Investigations 3410, Bureau of Mines, 1927, 34 pp. 

Fisher, C. H., and Hisner, Aa., Determination of Tar Acids and Bases by 
Extraction Methods: Ind. and Eng. Chem., Anal. Ed., vol. 9, no. 5, 
1937, pp. 213-218. 

39/ Kester, E. B., and Pohle, W. D., Determination of Olefin, Aromatic and 
Faraffin Hydrocarbons in Neutral Oil from Coal Tar: Ind. and Eng. 
Chem., Anal. Ei., vol. 3, 1931, pp. 294-297. 


6200 iy eee 


Google 


I.C. 6992 


-accurate results. A descri;tion of the ex erimental worx involved in this 
survey will be publisned at an early date). 


In the usual procecures used for the analysis of neutral oils, the 
Olefin content is estimated from the volume of residual oil after extracp- 
tion with 8C to 90 percent sutphuric acid and the aromatic content from the 
volume after extraction with So to 100 percent acid. Although these proce- 
dures have been studied extensively and varivus improvements developed, it 
is generally agreed that methods of this kind are not entirely satisfactory. 


Subsequent to the survey described above, relating to sulphuric extrac- 
tion procedures for neutral oil analysis, Fisher and Bisnertl/ develoved a 
new method that is much more accurate than tnose used heretofore. This ner 
method,is based on the changes in physical constants (refractive index and 
specific gravity) of the oil which accompany the stepwise removal of olefirs 
and aromatics as effected by successive extractions with several sulphuric 
acid solutions of increasing concentration. The curve ovdtained by plotting 
the specific refraction against the volume of residual oil shows a xaximun 
when the olefins have been say ea removed and a minimum when all of the 
aromatics have been extractedic/. Various hvydrogenatec coal distillates, 
two synthetic mixtures (whose analysis by the older methods always yielded 
inaccurate results), and two sasolines were analyzed more accurately than 
has been possible heretofore. 


Pyrolysis of Ethane 


& study of the rate and mechanism of thermal decomposition of ethane 
was made at pressures from 10 to 140 ens. of Hg. and at two temperatures, 
namely, 5419 and 5659 C. These experiments were static: the ethane being 
confined in a 500-cc bulb made of a special glass, which did not deform 
under the experimental conditions. Pressure measurements were made every 
2 minutes and chemical analyses of the reaction mixture were done at the 
end of 30, 60, and 120 minutes. 


The production of methane during the pyrolysis of ethane was traced 
to two reactions: 


2CoHe = 2CHy + Coly 


and Calg + Coy = CEY + CH. 


4O/ Fisher, ©. H., and Hisner, A., Silphuric acid Extraction Methods for 
Determining Olefins and Aromatics in Hydrocarton Oils. Optimum 
Conditions and Concentrations of Acid; In press, to be published as 
Report of Investigations, Bureau of Mines. 

4uil/ Fisher, C. H. and Eisner, A., Analysis of Neutral Oils by Sulphuric 
Acid Extraction. Use of Physical Constants for Analytical Purposes: 
To be published in Ind. and Eng. Chem., Anal. Ed. 

4o/ Fisher, C. H., and Eisner, A., Graphic Analysis of Hydrocarbon Oils: 
Ind. and Eng. Chem., Anal. Ed., vol. 29, no. 31, Ang. 15, 1937, 
pp. 366~370. 
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The rates of these reactions were measured. There is no measurable produce 
tion of methane by the reaction Ho + CoHg = CH). ‘the reaction between 
ethane and ethylene to produce methane and propylene will be of importance 
in polymer gasoline procuction from natural gas and refinery gases, for the 
a ation of propylene is a much simpler task than that of ethylene, 


The initial rate of dehydrogenation of ethane was found to be first _ 
order from 200 to-1,400 mm. of He. pressure. The rate @uring an experiment 
is well represented >y the equation: 


GHo/dt = k(CoB5) - k'(Hp) (CoHy) 


The applicability of a free racical chain mechanism to these experimental rem 
sults has been investigatei. There are two serious objections to such a 
mechanism for the entire reaction, but it is possible for chain reactions to 
contribute a small percentage to the total. 


Our own experiments and recalculation of Pease and Durgan'! s43/ data in 
the light of our work on methane production sugsest a lower value for the 
equilibrium constant of the dehydrosenation reaction than has been obtained 
in previous exnerimental work. ‘This new value is in far better agreement 
with statistical mechanical calculations than were the earlier values. 


The results of ea ethane work and other theoretical investigations 
have been published.— 


Activated Adsorption of Hydrogen By Coal Hydrogenation Catalysts 


Two theoretical analyses of existing data on the activated soi tc 
of hydrogen have been made. 


43/ Pease, R. W., and Durgan, E. S., Equilibrium in the Reaction CoHg » CoHy + Ho 
Jour. hee Chem. Soc., vol. 50, 1928, pp. 2715-2718. 

Uy Kassel, L. S., The Limiting High-Temperature Rotational Partition Functions 
of: Nonrigid Molecules: Jour. Chem. Phys., vol. 4, 1936 [I. General 
Theory. II. CEy, CoHg Cz4g, CH(CHz)3, C(CH)u, CHz (CH) 2083 ap 
pp. 2764282 : [III. Benzene and Its Eleven Methyl erigaeises IV 
Ethylene, Propylene, l-Butene, Cis and Trans 2-Butene, Isobutene, Tri- 
methylethylene, Tetramethylethylene, and Butadiene. v. Equilibrium 
Constants for Reactions and Paraffins, Olefins and Hydrogen] pp. 435- 
yyy [VI. The Methanol Equilibrium] pp. 493-496. 

Storch, H. H., and Yassel, L. S., The Pyrolysis of Ethane: Jour. Am. 
Chem. Soc., vol. 59, no. 7, 1937, pp. 1240-126. 

45/ Clarke, L., Kassel, L. S., and Storch, H. H., Kinetics of Activated 
Sorption of fearor es on Chromic Oxide Gels Jour. Am. Chem. Soc., 
vol. 59, 1937, pp. 736-740. 

Clarke, L., Dissociative Adsorption 6f Hydrosen ty Conper and Its 
Kinetic Consequences: Jour. Am. Chem. Soc., vol. 59, 1937, pp. 1389-1395. 
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The analysis of Burwell and Taylor! stt6/ data on the activated sorption 
of hydrogen by chromium oxide led to the derivation of a rate equation that 
fits the data for moderate amounts of sorption very well. The derivation is 
based on a simple model of the sorption process involving primary adsorption 
followed by diffusion to secondary centers. This model also accounts, 
qualitatively at least, for the failure of the equation at extreme condi~ 
tions. 


In the second vaper ,47/ it was shown that the assumption of dissoc- 
iative adsorption on a uniform (Lanemiur-type) surface leads to equations 
that account for the observed equilibria in the primary activated adsorption 
-of hydrogen on copper. A discussion is presented of the possibility of 
extension of these equations to rates of adsorption on copper and on other 
metals, 


An apparatus has been constructed for studying the rates of activated 
adsorption of hydrogen as a function of temperature and pressure, and it is 
being standardized with a copper catalyst before proceeding with coal- 
hydrogenation catalysts. ‘his work will be of importance in the selection 
of vapor—phase catalysts for the hydrogenation of the middle oils from the 
first stage of coal hydrogenation. 


ACKNOWLEDGMENTS 


Grateful acknowledgment is made to Chas. F. Jackson, chief engineer, 
Mining Division; W. J. Huff, chief chemist, git Divisions 0. C. 
Ralston, chief engineer, Nonmetals Division: E. F. Yancey, supervising 
engineer of the Northwest Experiment Station, Satie. Wash.; B. W. Gandrud, 
supervising engineer of tne Southern Experiment Station, Tuscaloosa, Ala.; 
and to the following section chiefs of the Coal Division: R. Thiessen, 

W. &. Selvig, J. D. Davis, Ned Snyder, P. Nicholls, H. H. Storch, J.F 
Barkley, H. M. Cooper, E. P. Greenwald, for cooperation in the preparationz 
of this report, which includes oat the “‘Borean! s work on coal conducted in 
the Technologic Branch. 


o/ Burwell, R. L., Jr., and Taylor, #. S., The Activated Adsorption of 

| Hydrogen on Chromic Oxide Gel: Jour. Am. Chem. Soc., vol. 58, 1936, 
poe 697-705. 

47/ See footnote 45, second reference. 
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